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The term “larynx organ preservation” (LOP) has become a synonym for non-

surgical laryngeal cancer treatment based on chemotherapy and radiation

multimodality therapy [simultaneous chemoradiation (CRT) or neoadjuvant

chemotherapy followed by radiotherapy (NCT+RT)]. Currently, the distinction

between good and bad candidates for LOP is not clear, and the decision for

surgical or non-surgical treatment depends on the patient’s needs and desires,

the experience and recommendation of the surgeon, the philosophy of the

institution, and others. Nevertheless, the major disadvantage of LOP by CRT and

NCT+RT is the potential need for salvage surgery due to tumor persistence after

the application of full per-protocol treatment. Head and neck surgeons

worldwide complain that in principle, salvage surgery is frequently possible

after CRT but causes major complications and is not feasible in a relevant

number of patients. While NCT+RT is globally used to select responders for

LOP, NCT alone has not been shown to improve overall survival. Therefore, this

procedure has lost its influence in standard head and neck cancer treatment

beyond LOP. Recently, NCT as part of the perioperative transoral surgical

treatment concept in head and neck cancer is gaining interest again. In

addition to conventional chemotherapy, the combination with immune

checkpoint inhibitors as a neoadjuvant concept has shown to be effective in

non-controlled trials by opening a new door of encouraging treatment options

for LOP.
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1 Introduction

The term “larynx organ preservation” (LOP) has become a

synonym for non-surgical treatment of laryngeal cancer based on

chemotherapy and radiation multimodality therapy. Beyond doubt,

larynx-preserving surgery for laryngeal and some hypopharyngeal

cancers, which covers a wide spectrum of technical options

[transoral laser microsurgery (TLM); open procedures] up to

some T4 stages for highly experienced surgeons, is very

worthwhile (1, 2). In the locoregional advanced group of

laryngeal and hypopharyngeal head and neck squamous cell

carcinoma (LHSCC), there are two kinds of patients: those who

are candidates for functional larynx organ preservation by avoiding

ablative surgery and those who are not. Currently, the distinction

between them is not clear, and the decision depends on the patient’s

needs and desires, the experience and recommendation of the

surgeon, the philosophy of the institution, and others.

Nevertheless, the interdisciplinary debate concerning this issue is

partly polarizing: some authors suggested that increasing non-

surgical treatment of laryngeal cancer was responsible for

decreasing the survival of these patients in the last two decades in

the USA (3).

Neoadjuvant chemotherapy (NCT) followed by radiotherapy

was predictive for outcomes after radiotherapy and also led to long-

term cure rates and offered NCT in larynx preservation concepts in

the late 1970s (4). Moreover, this observation led to the conception

of two large randomized studies in the 1980s, which compared

induction chemotherapy followed by radiotherapy with a primary

total laryngectomy and postoperative radiotherapy (5, 6). Meta-

analysis suggested that a concomitant randomized controlled trial

(RCT) is more effective than a sequential RCT (7). This led to the

conduction of the RTOG 91-11 trial, a large, randomized, three-arm

multicenter study comparing NCT followed by radiotherapy (RT)

with concomitant RCT or RT alone (8). These results recommended

simultaneous chemoradiation as the optimal concept (until today)

based on level 1 evidence. Over the years, observations of late side

effects like severe dysphagia, tracheotomy requiring larynx edema,

and increasing postoperative complications following salvage

surgery led to uncertainty and rejection of these aggressive organ-

sparing protocols in many surgery-driven centers worldwide (1).

Addressing these important problems, third-generation LOP

protocols are promoting again induction chemotherapy following

radiation alone to avoid concomitant spilling of function-limiting

late toxicities due to simultaneous chemoradiation (9). Taxane-

containing regimens were shown to be more effective compared to

“older” platin-based induction chemo regimens (10). Nevertheless,

NCT in head and neck cancer was replaced mainly by definitive

radiochemotherapy or upfront surgery with or without adjuvant

treatment in advanced diseases due to the lack of survival benefits in

the last two decades (11). Recently, the additional use of immune

checkpoint inhibitors in neoadjuvant concepts [neoadjuvant

immune chemotherapy (NICT)] with sub-sequential surgery in

clinical trials stimulates several questions addressing the standard

of resection margins after induction and handling of different

degrees of surgical aggressiveness depending on the level of
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response. Furthermore, the specific biological behavior of tumor

shrinkage and the definition of the former tumor bed after

induction are under critical consideration.
2 Current view on larynx organ
preservation programs

LOP in locally advanced LHSCC is very desirable, although total

laryngectomy represents an effective treatment strategy. Current

treatment options to preserve the larynx and its function include

primary concurrent chemoradiotherapy or induct ion

chemotherapy followed by radiotherapy. The “VA” trial (5)

established induction and subsequent radiation utilizing PF

[cisplatin (P) plus 5-fluorouracil (F)] for induction as an

appropriate alternative to total laryngectomy and achieved 35%

LOP. Despite verification of this finding, e.g., in the EORTC 24891

trial (6) in hypopharynx carcinoma, induction chemotherapy and

subsequent radiotherapy have not been accepted since cisplatin-

based simultaneous chemoradiation (CRT) is recommended for

LOP based on the findings of the RTOG 91-11 trial (8, 12, 13).

In patients who receive optimal combinations of chemotherapy

and radiotherapy (NCT or CRT) without violation of the treatment

protocol, both total laryngectomy and chemoradiation offer similar

outcomes in T3 but not T4a disease (14). Radiotherapy alone should

no longer be considered an option for these tumors (15, 16).

Since RTOG 91-11 lacks current state-of-the-art functional

follow-up screening regarding dysphagia, voice, and any late

toxicity assessment, the relevant definition of functional organ

preservation was not met and was interpreted as only “organ in

place”. Keeping all these factors in mind, Lefebvre and Ang (17)

defined the still relevant goal for future larynx organ preservation

trials as “laryngoesophageal dysfunction-free survival” and limited

the indication to big T3s, indicating that T4a may end up with lower

functional preservation rates. Grover et al. (18) presented

retrospective National Cancer Database data from 969 patients

suffering from T4a laryngeal carcinoma (M0, treated between

2003 and 2006) that showed significantly better 5-year overall

survival (p = 0.001) in patients receiving primary surgery (36%

received TL with or without adjuvant radio/chemotherapy, and 64%

received primary chemoradiotherapy). Analysis of T4 laryngeal

cancer data from high-volume centers such as the MD Anderson

Cancer Center or Netherlands Cancer Institute demonstrated

significantly better local recurrent-free survival after TL and

unacceptable functional outcomes after CRT in this patient group

(19, 20). Patients treated with initial laryngectomy had more distant

metastases and no overall survival benefit (p = 0.7).

Nevertheless, PF-based induction followed by radiation was

superior to CRT in the RTOG 91-11 trial by causing less severe late

toxicity and increasing laryngectomy-free survival due to fewer

non-cancer deaths (21). Moreover, CRT was associated with

increased late toxicity and impaired survival, especially in T4a

LHSCC patients (18, 19). The potential need for salvage surgery

due to tumor persistence after full per-protocol treatment proved to

be a major disadvantage of LOP. Late salvage total laryngectomy
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after CRT or radiotherapy causes major complications and is often

not feasible (22, 23). Therefore, early identification of patients

unlikely to benefit from LOP attempts is needed to spare the

consequences from complete CRT or radiotherapy plus salvage

surgery. Since new multimodal treatment protocols and

chemotherapies including targeted therapies have been emerging

(24), further development of LOP by induction and radiation has

remained under consideration. One important field of interest is

early response evaluation as a clinical predictor for positive

outcomes, which was demonstrated in the DeLOS-II trial by

exploring early response by transoral office endoscopy just after

the first cycle of induction with TPF/TP (25; Figure 1). Ongoing

trials like the PRESERVE study are interesting in this context (26).

TAX 323 (27) revealed induction with TPF, the combination of

docetaxel (T) with PF, being superior to PF alone. The GORTEC 2000-

01 trial demonstrated the superiority of TPF in LOP (9). The DeLOS-I

trial showed the efficacy of TP-based (carboplatin plus paclitaxel) IC +

RT with low late dysphagia rates (28). However, the literature is

consistent that induction before radiotherapy or CRT prolongs

progression-free survival but does not improve overall survival

significantly (11). The EHNS-ESMO-ESTRO guidelines recommend

with evidence level II grade of recommendation A (II A evidence)

exclusively TPF induction followed by radiotherapy in responsive

patients as an option for LOP in local advanced LHSCC otherwise

requiring TL (29, 30). Several induction trials may have underestimated

the potential efficacy of a full TPF regimen. In this context, the ongoing

SALTORL trial, which includes only patients able to tolerate a complete

TPF treatment cycle, may provide valuable insight for future studies (31).
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3 Current view on when T3 laryngeal
and hypopharyngeal cancers and the
important role of pretreatment
function: surgical or non-
surgical treatment

While stage I–II glottic and supraglottic cancer can be cured

with (open or endoscopic) partial laryngectomy or primary

radiotherapy, the treatment of stage III–IV laryngeal cancer

remains a matter of individual consideration for each patient.

Although advanced partial laryngectomies can successfully be

applied to individual cases (32–35), the vast majority of advanced

laryngeal and hypopharyngeal cancers will not be considered

candidates for these procedures. The reason is that most T3

carcinomas feature fixed vocal cords, indicating a considerable

risk for crico-arytenoid joint or even cricoid cartilage infiltration.

Such tumor extensions are notoriously difficult to treat with organ-

preserving surgical procedures (35). Addressing this point more

specifically, the distinction between arytenoid fixation and vocal

fold fixation is key. A vocal cord may be fixed without the arytenoid

being fixed, which significantly impacts treatment choices and

results. Moreover, Ary fixation is a subjective evaluation with

high variability and therefore should be evaluated precisely. The

evaluation of posterior paraglottic space involvement seems to be a

more reproducible surrogate (in this context, we refer to the review

of Cesare P. et al. in this collection) (36–39). In addition, there is still

major concern relating to postoperative radiotherapy or
FIGURE 1

Patient with T4a hypopharynx carcinoma before (left) and after (right) one cycle TPF showing complete remission in early endoscopic response
evaluation. Patient was treated according to the DeLOS-II protocol [induction chemotherapy (IC) followed by radiotherapy (RT) versus cetuximab
plus IC and RT in advanced laryngeal/hypopharyngeal cancer resectable only by total laryngectomy] (25).
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chemoradiation for fear of laryngeal chondritis and unfavorable

functional outcomes after partial laryngectomies (34).

For T3 hypopharyngeal cancer, the EHNS-ESMO-ESTRO

guidelines propose, in general, adjustment from laryngeal cancer

(low evidence in hypopharyngeal cancer; the only controlled

prospective trial was the EORTC NCT trial, 6) concomitant

chemoradiation as the standard of care for all patients whose

tumors would require total laryngectomy (30). For those not

requiring total laryngectomy, conservative (laser) surgery followed

by RT or CRT is also mentioned as standard treatment (30).

Advanced open partial laryngectomy procedures, such as

supracricoid or supratracheal partial laryngectomies, are suitable

options for these patients (34). The MD Anderson Cancer Center

recommendation was in line with the Lefebvre and Ang

recommendation to limit non-surgical indications to T3 and

small selected T4a cancers. Additionally, some sound findings

were described in a large Netherlands observational study

showing that the non-surgical organ preservation approach is

only survival equivalent in T3 but not T4a cancers compared to

total laryngectomy with 42% vs. 48% after 5 years (20).

The loss of laryngeal function after total laryngectomy has become

unacceptable for many patients, and overall survival rates have not

consistently been superior to organ-preserving chemoradiation. In fit

patients with unimpaired deglutition, combinations of chemotherapy

and radiotherapy are consequently now considered the optimal

treatment for most T3 laryngeal and hypopharyngeal cancer

patients, although an individualized approach to decision making is

still essential (40). Furthermore, the impact of nodal burden on

treatment selection seems to be underestimated. In modern

laryngeal oncology, decision making relying solely on cancer staging

may be misleading (41). Apart from patient preferences and locally

available expertise regarding different therapeutic approaches,

performance status, previous oncological therapies, and relevant

comorbidities will lead the way to making adequate decisions.

Assessing comorbidities with the TALK score (T-stage, Albumin,

Liquor, Karnofsky Performance Status) to include tobacco use during

treatment may be a simple yet highly conclusive tool to assess patient

characteristics (42–44). For patients with significant comorbidities not

qualifying for chemotherapy as a part of their initial treatment, total

laryngectomy is still a valid option (45). Additionally, early response

evaluation during induction chemotherapy proved to be an effective

selector for successful larynx organ preservation (25).
4 Surgical view on new resection
margins after neoadjuvant treatment
in advanced laryngeal and
hypopharyngeal cancers since surgery
after NCT is still under
strong consideration

The principle of en-bloc R0 resection is favored for high-level

surgery in head and neck oncology. While en-bloc resection

remains a key surgical principle, the surgical extension into more
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complex anatomical areas and technological advances [i.e.,

endoscopic mucosal resections, TLM, or transoral robotic surgery

(TORS)] highlights the need to reconsider the potential merits of

piecemeal tumor removal (46, 47). Piecemeal resections are

controversial because they result in fragmentation of the removed

specimen, compromising its integrity and complicating confident

histopathologic evaluation for the adequacy of excision. While in

certain areas, such as the skull base or larynx, piecemeal tumor

removal may be justified by anatomical constraints (48), or

functional imperatives (49) (i.e., preservation of voice and

deglutition), the apparent increasing use of the piecemeal

approach in anatomically simpler and more accessible parts of

the human body is more difficult to understand (50). Quality

initiatives by the American Head and Neck Society (AHNS)

emphasize the importance of obtaining a negative margin (R0) in

head and neck squamous cell carcinoma (HNSCC) (51). However,

the approach to margin sampling varies considerably from surgeon

to surgeon (52, 53). Trials addressing surgery of oral cavity HNSCC

could demonstrate that reliance on margin sampling from the

tumor bed was associated with significantly worse local control,

most likely owing to narrower margin clearance and greater

incidence of positive margins. A resection specimen-based margin

assessment is recommended (50, 54).

Nevertheless, all mentioned observations are based on primary

surgery experiences in treatment-naive patients. The situation of

surgery after NCT is still under strong consideration. The

pathological response to NCT can potentially affect the evaluation

of surgical margins, due to a non-centripetal widespread cell

dropout throughout the tumor mass, which determines a more

challenging assessment of tumor infiltration.

Therefore, many surgeons are convinced that any reduction of

the original margins after NCT (downstaging) should be avoided

because of the high risk of remnant tumor islands in the former

tumor bed. The major surgical opinion is still resection in old

margins (principle demonstration of tumor pattern after NCT are

shown in Figures 2, 3).
5 New technologies for radiation of
advanced laryngeal and
hypopharyngeal cancers

Functional organ preservation with concurrent chemoradiation

or induction chemotherapy followed by radiotherapy is the

internationally recommended treatment alternative for total

laryngectomy. After non-surgical protocols, approximately 30%–

40% of these patients will lose functionality of the larynx either by

salvage total laryngectomy or by side effects of the treatment.

Therefore, the area of interest is how to select the patient for the

optimal treatment strategy. Milinis et al. showed that current

smoking significantly increases the risk of non-functional larynx,

and pretreatment hemi-larynx fixation was found to be associated

with a significantly increased risk of locoregional recurrence (55).

As mentioned above, TALK score and early response evaluation are

helpful in predicting outcomes (25, 42). Here, we present a short
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choice of selected new radiation strategies (beyond induction

chemotherapy) that can help to individualize therapy.
5.1 Adaptive radiotherapy

Adaptive RT is the process of re-planning patients during

treatment in response to observed spatial and structural changes,

e.g., weight loss and changes in tumor volumes. Therefore, adaptive

RT allows modifications of the radiation plan based on changes that

occur during treatment. An example is volumetric reductions in
Frontiers in Oncology 05
tumoral volumes, resulting in unintended dosimetric changes

affecting the treatment efficacy and overdosing normal organs,

which would ultimately result in increased toxicity (56, 57).
5.2 MRI-guided radiotherapy

MRI in laryngeal cancer can evaluate tumor extension/invasion

into anatomical structures such as the pre- and paraglottic space,

cricoarytenoid unit, and subglottic and base of tongue regions

especially in locally advanced tumors. In addition, it could be
FIGURE 3

Tumor pattern for classification of the margins. Picture left side: different resection lines to characterize the margins R0 5 mm, R0 < 5 mm, R1, 2.
Picture mid side: if the tumor shrinks homogeneously without any remnant tumor islands, a closer resection line would end up correctly in R0
(downstaging). Picture right side: tumor shrinkage with remnant tumor islands; a smaller resection line would result in R1 resection (downstaging
with reduced surgical extent in this situation is not acceptable).
FIGURE 2

Principle view on a given head and neck squamous cell carcinoma (HNSCC) treated with neoadjuvant chemotherapy (NCT). The ideal result is on the
right side as a gray shadow of the vital tumor cell-free tumor bed.
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helpful to assess perineural tumor spread and vascular involvement.

Therefore, it could be helpful in a more precise, tumor-adapted

radiation therapy (58).
5.3 Unilateral neck irradiation

Bilateral elective nodal irradiation (ENI) remains the standard

treatment for head and neck squamous cell carcinoma. However,

diagnostic imaging techniques have improved the accuracy and

reliability of nodal staging. Furthermore, the elective nodal areas are

located close to the parotid glands, the submandibular glands, and

the swallowing muscles. To spare toxicity of these regions,

irradiation of a smaller, more selected volume of the elective

nodes is key. Several researchers consider the current bilateral

elective neck irradiation strategies as overtreatment and show

growing interest in unilateral nodal irradiation in selected

patients, which should be only conducted in clinical trials (59, 60).
5.4 Single and/or total radiation dose

Even if a total-dose escalation did not lead to the hoped-for

benefit in locally advanced laryngeal and hypopharyngeal cancers

(61), escalation in the single dose, namedmoderate hypofractionation

with doses of 2.2–2.5 Gy, showed a benefit in therapy outcome (62);

also, six fractions a week instead of five showed a clear benefit but

increased toxicity (63).
5.5 Radiotherapy in combination
with immunotherapy

Until today, all phase 3 trials investigating the combination of

immunotherapy with radiochemotherapy in the primary setting have

yielded negative results. Radiation intervenes in preclinical models (in

vitro in cell models as well as in animal models) with the same signaling

pathways and mechanisms that are targeted with immunotherapy

approaches (e.g., PD1-PD-L1 axis, and TGFbeta). In addition, the

infiltration of immune cells in the tumormicroenvironment is changed

as well as the functionality of the immune cells. Therefore, radiation

can have both positive and negative effects on the anti-tumor immune

response (64). The immunological effect of radiation depends on

patient and tumor factors, as well as on radiation oncological factors

(e.g., radiation dose, fractionation, irradiated volume, and radiation

modality). Different radiation doses have different pro- and anti-

immunogenic effects, so an “ideal” radiation dose in the sense of a

one-size-fits-all cannot be determined (65). Preclinical data indicate

that irradiation of the lymphatic drainage pathways significantly

inhibits the anti-tumor immune response (66). Irradiation of lymph

node vessels is considered the reason for unsatisfactory results of

combined radiotherapy and immunotherapy in phase III studies.

However, the decision to spare or irradiate lymph nodes electively

should be evidence-based and balance the nodal risk against any

presumed immunologic or functional benefit (67, 68).
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Further points such as selective nodal irradiation, omission of

the resected neck, and artificial intelligence (radiomics) are finding

their way as therapy options at a rapid pace, although not yet in the

routine. In summary, for optimal therapy, we have to coordinate all

options with each other optimally (therapy team).
6 New options for neoadjuvant
treatment including immune
checkpoint inhibitors

Currently, we learn from several ongoing and finalized NCT

trials with the integration of immune checkpoint inhibitors (NICT)

about the high potential of this new therapeutic option. Uppaluri

et al. presented the first preliminary data of two cycles of

neoadjuvant pembrolizumab monotherapy before surgery in 36

patients and concluded that among patients with locally advanced,

human papillomavirus (HPV)-unrelated HNSCC, pembrolizumab

was safe, and no pathological response was observed in 44% of

patients with 0% pathological complete responses. The 1-year

relapse rate in patients with high-risk pathology was lower than

in comparable studies using classical chemotherapy. Surgery was

technically feasible, and no intraoperative and wound healing

problem was observed regarding assumed higher tissue blood

perfusion due to pro-inflammatory treatment (69). Following

these preliminary data, MSD initiated the KEYNOTE-689 trial, a

phase 3 study of adjuvant and neoadjuvant pembrolizumab

combined with standard of care (SOC) in 600 patients with

resectable, locally advanced HNSCC. The recent press release

announced that the event-free survival (EFS) was significantly

improved with the addition of pembrolizumab.

Zuur and her team from Amsterdam presented the first data of

the IMCISION trial, a non-randomized phase Ib/IIa trial. A total of

32 HNSCC patients were treated with two doses (in weeks 1 and 3)

of immune checkpoint blockade using nivolumab (NIVO MONO,

n = 6, phase Ib arm A) or nivolumab plus a single dose of

ipilimumab (COMBO, n = 26, 6 in phase Ib arm B, and 20 in

phase IIa) prior to surgery. Pathological response, defined as the

percent change in primary tumor viable tumor cell percentage from

baseline biopsy to on-treatment resection, was evaluated in 17/20

phase IIa patients and 29/32 total trial patients (6/6 NIVO MONO

and 23/26 COMBO). We observed a major pathological response

(MPR; 90%−100% response) in 35% of patients after COMBO ICB,

both in phase IIa (6/17) and in the whole trial (8/23), meeting the

phase IIa primary endpoint threshold of 10%. NIVOMONO’s MPR

rate was 17% (1/6). None of the MPR patients developed recurrent

HNSCC during 24.0 months of median postsurgical follow-up. As a

side note, this is the only trial showing any advantage for

combination therapy of PD-1+CTLA-4 blockade compared to

anti-PD1 mono in head and neck cancer per se (70).

Another encouraging trial was the CheckRad-CD8 trial from

Hecht et al., Germany (71). A total of 56 patients received a single

cycle of cisplatin 30 mg/m2 on days 1–3 and docetaxel 75 mg/m2 on

day 1 combined with durvalumab 1,500 mg fixed dose on day 5 and

tremelimumab 75 mg fixed dose on day 5. Patients with
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pathological complete response (pCR) in the rebiopsy after

induction treatment or at least 20% increase of intratumoral CD8

+ cell density in the rebiopsy compared with baseline entered

radioimmunotherapy with concomitant durva lumab/

tremelimumab. The objective of this interim analysis was to

analyze the safety and efficacy of the chemoimmunotherapy-

induction treatment before radioimmunotherapy. After induction

treatment, 27 patients (48%) had a pCR in the rebiopsy, and a

further 25 patients (45%) had a relevant increase of intratumoral

CD8+ cells (median increase by a factor of 3.0). On multivariable

analysis, intratumoral CD8+ cell density predicted pCR

independently. Following this observation, to determine whether

a single dose of double immune checkpoint blockade [induction

chemoimmunotherapy (NICT) CheckRad-CD8 protocol] adds

benefit to induction single-cycle platinum doublet (induction

chemotherapy NCT) in locally advanced HNSCC, patients treated

with immune checkpoint inhibitor therapy (ICIT) within the

CheckRad-CD8 trial were compared with a retrospective cohort

receiving the same chemotherapy without immunotherapy. The

endpoint of this analysis was the complete response (CR) rate. A

total of 53 patients were treated with ICIT, and 104 patients were

treated with NCT only. Remarkably, CR rates were 60.3% for ICIT

and 40.3% for IC (p = 0.018) (72).

Other highly stimulating small, uncontrolled single institution

trials with a focus on neoadjuvant immunochemotherapy for locally
Frontiers in Oncology 07
advanced resectable oral HNSCC with new data come from China.

The ILLUMINATE trial is a prospective trial of NICT with

toripalimab (PD-1 inhibitor) and albumin paclitaxel/cisplatin

(TTP) was conducted in 20 patients with clinical stage III and

IVA oral squamous cell carcinoma (OSCC). The MPR was 60%,

including a 30% pathological complete response with no

obstruction of subsequent surgery. During the median 23-month

follow-up, the disease-free survival was 90%, and the overall

survival was 95% (73). Another phase I trial was published,

treating 20 patients with locally advanced resectable oral HNSCC

with three cycles of camrelizumab (anti-PD-1) and apatinib

(VEGFR2 inhibitor) before surgery. Neoadjuvant treatment was

well-tolerated, and the MPR rate was 40% (8/20). All five patients

with a combined positive score (CPS) >10 achieved MPR. Post-hoc

analysis showed 18-month locoregional recurrence and survival

rates of 10.5% (95% CI: 0%–24.3%) and 95% (95% CI: 85.4%–

100.0%), respectively (74). Huang et al. published a phase 1b trial

with neoadjuvant toripalimab combined with gemcitabine and

cisplatin in 23 patients with resectable locally advanced HNSCC

(NeoTGP01) (75). The overall response rate (ORR) reached 45%.

Eighteen patients underwent successful surgical resection. The R0

resection rate was 100%. The pathological response rates were

16.7% (pCR), 27.8% (MPR; two of five near-pCR). Finally, Zhang

et al. presented data from a single-center, single-arm, phase 2 trial

(76). A total of 30 patients with resectable stage III–IVB HNSCC
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ELOS flowchart. Induction chemotherapy with docetaxel and cisplatin followed by radiation compared to additional PD-1 inhibition in CPS ≥1
advanced laryngeal/hypopharyngeal cancer suitable for laryngectomy selected after early response evaluation (78). CPS, combined positive score;
R, randomization; TP, induction chemotherapy utilizing docetaxel (T) and cisplatin (P). Early response evaluation according to DeLOS-II criteria:
PR, partial response ≥30% endoscopic tumor surface shrinkage (ETSS) after one cycle; PD/SD, progressing disease or insufficient response <30%
ETSS; TL, total laryngectomy; ND, neck dissection; RT, radiotherapy; CRT, concomitant cisplatin-based chemoradiotherapy; endoscopic evaluation.
Medication and radiation protocol according to the DeLOS-II LOP trial with additional pembrolizumab (over 6 months) in the experimental arm (light
green). * meaning is: Pembrolizumab will be applicated for one year maintenance.
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received chemotherapy [albumin-bound paclitaxel 260 mg/m2 (or

docetaxel 75 mg/m2) plus cisplatin 75 mg/m2] and camrelizumab

200 mg (PD-1 inhibitor) on day 1 of each 21-day cycle for three

cycles, followed by surgery and adjuvant radiotherapy. The pCR

rate was 37.0%, and the MPR was 74.1% (95% CI, 53.7%–88.9%).

The median follow-up duration was 16.1 months (range, 8.3–28.5),

and the disease-free survival rate at 12 months was 95.8% (95% CI,

73.9%–99.4%). All data presented here are highly exciting and

generate relevant hypotheses for future controlled multicenter

phase II and III studies to establish NICT before surgery in

advanced HNSCC.

In regard to larynx organ preservation, the traditional domain of

NCT, Ferrarotto et al. presented at American Society of Clinical

Oncology (ASCO) 2023 (77) the first very interesting data of

immuno-chemotherapy [pembrolizumab (P), cisplatin (C), and

docetaxel (D)] as a single treatment modality for larynx

preservation (ICoLP) in 23 patients. Disease control rate was 100%

with 74% (17/23) being objective responses and 52% CR;

pathological CR rate was 77.3% (17/22; one patient was on-

treatment). Six of 17 (35%) patients with pCR developed

recurrence, mostly (4/6) within 4 months of pCR, and were

salvaged with laryngectomy. In Germany, the interdisciplinary

working group for head and neck cancer (IAG-KHT) started this

year the ELOS trial, a prospective, randomized, open-label,

controlled, two-armed parallel group, phase II multicenter trial in

local advanced stage III, IVA/B head and neck squamous cell

carcinoma of the larynx or hypopharynx (LHNSCC) with PD-L1

expression within tumor tissue biopsy, calculated as CPS ≥ 1 curable

by total laryngectomy. Induction chemotherapy (IC) with docetaxel

and cisplatin (TP) followed by radiation will be compared to

additional PD-1 inhibition. Patients will be selected after short

induction early response evaluation after the first cycle IC (IC-1)

aiming at larynx organ preservation by an additional two cycles of IC

followed by radiotherapy (69.6 Gy) for responders achieving

endoscopic estimated tumor surface shrinkage (ETSS) ≥30%. Non-

responders (ETSS < 30% or progressing disease) will receive total

laryngectomy and selective neck dissection followed by postoperative

radiation or chemoradiation according to the recommendation of the

clinic’s multidisciplinary tumor board. Patients randomized into the

intervention arm starting day 1 will receive 200 mg pembrolizumab

in a 3-week cycle for 17 cycles (12 months). Treatment with

pembrolizumab will continue in the experimental arm regardless of

ETSS status after IC-1 in both responders and laryngectomized non-

responders, independent from the subsequent decision on adjuvant

therapy after TL (78, Figure 4). The study is based on the

encouraging experience of the abovementioned DeLOS-II trial (25).
7 Conclusion

It is likely that improved patient selection, refinements in

radiotherapy technique, and drug combinations will provide different

outcomes from those obtained in RTOG 91-11 patients treated more

than 20 years ago. Good decision-making requires familiarity with

decision-relevant factors and recognition of the values relevant to

weighing the pros and cons of the alternatives, i.e., in advanced
Frontiers in Oncology 08
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safety. In the last few years, NCT in combination with immune

checkpoint inhibitors (NICT) as part of perioperative transoral

surgical treatment concepts of advanced HNSCC is gaining interest

again due to increasing response rates and functional and overall

survival outcomes. NICT has been shown to be effective in non-

controlled, small but many different, trials and opens a new door for

new surgical concepts. Today, NCT/NICT in combination with

transoral surgery or radiation is not a standard treatment. However,

the topic is highly relevant and should stimulate worldwide the surgical

community to perform NCT/NICT clinical trials focusing on LOP,

gaining precision in better selection of responders, improving the rate

of long-term larynx preservation, and limiting toxicity. This seems to

be the challenge for the improvement of concepts in head and neck

surgery with a focus on better survival and functional organ

preservation of our patients for the next decade.
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30. Machiels JP, René Leemans C, Golusinski W, Grau C, Licitra L, Gregoire V.
Squamous cell carcinoma of the oral cavity, larynx, oropharynx and hypopharynx:
EHNS-ESMO-ESTRO Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann Oncol. (2020) 31:1462–75. doi: 10.1016/j.annonc.2020.07.011

31. Argiris A, Lefebvre JL. Laryngeal preservation strategies in locally advanced
laryngeal and hypopharyngeal cancers. Front Oncol. (2019) 9:419. doi: 10.3389/
fonc.2019.00419

32. Del Bon F, Piazza C, Lancini D, Paderno A, Bosio P, Taboni S, et al. Open partial
horizontal laryngectomies for T3(-)T4 laryngeal cancer: prognostic impact of anterior
vs. Posterior laryngeal compartmentalization. Cancers (Basel). (2019) 11.

33. Peretti G, Piazza C, Penco S, Santori G, Del Bon F, Garofolo S, et al. Transoral
laser microsurgery as primary treatment for selected T3 glottic and supraglottic
cancers. Head Neck. (2016) 38:1107–12. doi: 10.1002/hed.24424

34. Succo G, Crosetti E, Bertolin A, Piazza C, Molteni G, Cirillo S, et al. Treatment
for T3 to T4a laryngeal cancer by open partial horizontal laryngectomies: prognostic
impact of different pathologic tumor subcategories. Head Neck. (2018) 40:1897–908.
doi: 10.1002/hed.25176

35. Vilaseca I, Blanch JL, Berenguer J, Grau JJ, Verger E, Muxi A, et al. Transoral laser
microsurgery for locally advanced (T3-T4a) supraglottic squamous cell carcinoma: sixteen
years of experience. Head Neck. (2016) 38:1050–7. doi: 10.1002/hed.24408

36. Ferrari M, Mularoni F, Taboni S, Crosetti E, Pessina C, Carobbio ALC, et al. How
reliable is assessment of true vocal cord-arytenoid unit mobility in patients affected by
laryngeal cancer? a multi-institutional study on 366 patients from the ARYFIX
collaborative group. Oral Oncol. (2024) 155:106887. . 2024 May;152: Erratum in:
Oral Oncol. doi: 10.1016/j.oraloncology.2024.106878

37. Ravanelli M, Paderno A, Del Bon F, Montalto N, Pessina C, Battocchio S, et al.
Prediction of posterior paraglottic space and cricoarytenoid unit involvement in
endoscopically T3 glottic cancer with arytenoid fixation by magnetic resonance with
surface coils. Cancers (Basel). (2019) 11:67. doi: 10.3390/cancers11010067

38. Succo G, Cirillo S, Bertotto I, Maldi E, Balmativola D, Petracchini M, et al.
Arytenoid fixation in laryngeal cancer: radiological pictures and clinical correlations
with respect to conservative treatments. Cancers (Basel). (2019) 11:360. doi: 10.3390/
cancers11030360

39. Marchi F, Missale F, Sampieri C, Filauro M, Iandelli A, Parrinello G, et al.
Laryngeal compartmentalization does not affect the prognosis of T3-T4 laryngeal
cancer treated by upfront total laryngectomy. Cancers (Basel). (2020) 12:2241.
doi: 10.3390/cancers12082241
frontiersin.org

https://doi.org/10.1097/MLG.0b013e3181620eab
https://doi.org/10.1097/MLG.0b013e3181620eab
https://doi.org/10.1097/01.mlg.0000236095.97947.26
https://doi.org/10.1002/1097-0142(19840901)54:5%3C811::AID-CNCR2820540508%3E3.0.CO;2-E
https://doi.org/10.1002/1097-0142(19840901)54:5%3C811::AID-CNCR2820540508%3E3.0.CO;2-E
https://doi.org/10.1056/NEJM199106133242402
https://doi.org/10.1056/NEJM199106133242402
https://doi.org/10.1093/jnci/88.13.890
https://doi.org/10.1093/jnci/88.13.890
https://doi.org/10.1016/S0140-6736(00)90011-4
https://doi.org/10.1016/S0140-6736(00)90011-4
https://doi.org/10.1200/JCO.2012.43.6097
https://doi.org/10.1200/JCO.2004.10.911
https://doi.org/10.1093/jnci/djp007
https://doi.org/10.1016/j.radonc.2015.10.014
https://doi.org/10.1200/JCO.2006.07.4559
https://doi.org/10.1200/JCO.2017.75.7385
https://doi.org/10.1097/COC.0000000000000550
https://doi.org/10.1017/S0022215120002704
https://doi.org/10.1016/j.ijrobp.2008.10.047
https://doi.org/10.1016/j.ijrobp.2015.03.004
https://doi.org/10.1016/j.ijrobp.2015.03.004
https://doi.org/10.1002/cncr.v121.10
https://doi.org/10.1002/hed.v37.10
https://doi.org/10.1200/JCO.2018.77.8001
https://doi.org/10.1001/archotol.129.1.44
https://doi.org/10.1097/MLG.0b013e3180332e39
https://doi.org/10.1097/MLG.0b013e3180332e39
https://doi.org/10.1007/s00405-008-0697-6
https://doi.org/10.1093/annonc/mdy332
https://doi.org/10.3389/fonc.2024.1433333
https://doi.org/10.1056/NEJMoa071028
https://doi.org/10.1007/s00405-008-0846-y
https://doi.org/10.1016/j.annonc.2020.07.011
https://doi.org/10.3389/fonc.2019.00419
https://doi.org/10.3389/fonc.2019.00419
https://doi.org/10.1002/hed.24424
https://doi.org/10.1002/hed.25176
https://doi.org/10.1002/hed.24408
https://doi.org/10.1016/j.oraloncology.2024.106878
https://doi.org/10.3390/cancers11010067
https://doi.org/10.3390/cancers11030360
https://doi.org/10.3390/cancers11030360
https://doi.org/10.3390/cancers12082241
https://doi.org/10.3389/fonc.2024.1494854
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Dietz et al. 10.3389/fonc.2024.1494854
40. Muscatello L, Piazza C, Peretti G, Marchi F, Bertolin A, Crosetti E, et al. Open
partial horizontal laryngectomy and adjuvant (Chemo)Radiotherapy for laryngeal
squamous cell carcinoma: results from a multicenter Italian experience. Eur Arch
Otorhinolaryngol. (2021) 278:4059–65. doi: 10.1007/s00405-021-06651-6

41. Patel SA, Qureshi MM, Dyer MA, Jalisi S, Grillone G, Truong MT. Comparing
surgical and nonsurgical larynx-preserving treatments with total laryngectomy for
locally advanced laryngeal cancer. Cancer. (2019) 125:3367–77. doi: 10.1002/
cncr.v125.19

42. Johnson M, Porterfield JZ, Kejner AE. Assessing the applicability of the talk
score: A modification for concurrent tobacco use during treatment. Otolaryngol Head
Neck Surg. (2022) 166:282–8. doi: 10.1177/01945998211020310

43. Marruecos-Querol J, Rubio-Casadevall J, Lozano A, Buxo M, Puigdemont M,
Linares I, et al. Validation of a prognostic model for predicting larynx preservation
outcome (Talk score) in a southern European population. Clin Transl Oncol. (2023)
25:2384–92. doi: 10.1007/s12094-023-03121-9

44. Sherman EJ, Fisher SG, Kraus DH, Zelefsky MJ, Seshan VE, Singh B, et al. Talk
score: development and validation of a prognostic model for predicting larynx
preservation outcome. Laryngoscope. (2012) 122:1043–50. doi: 10.1002/lary.v122.5

45. Hoffmann TK. Total laryngectomy-still cutting-edge? Cancers (Basel). (2021) 13.

46. Ishihara R, Yamamoto S, Hanaoka N, Takeuchi Y, Higashino K, Uedo N, et al.
Endoscopic submucosal dissection for superficial Barrett's esophageal cancer in the
Japanese state and perspective. Ann Transl Med. (2014) 2:24.

47. Hamzany Y, Brasnu D, Shpitzer T, Shvero J. Assessment of margins in transoral
laser and robotic surgery. Rambam Maimonides Med J. (2014) 5:e0016. doi: 10.5041/
RMMJ.20769172

48. Wellman BJ, Traynelis VC, McCulloch TM, Funk GF, Menezes AH, Hoffman
HT. Midline anterior craniofacial approach for Malignancy: results of en bloc versus
piecemeal resections. Skull Base Surg. (1999) 9:41–6. doi: 10.1055/s-2008-1058171

49. Steiner W. Results of curative laser microsurgery of laryngeal carcinomas. Am J
Otolaryngol. (1993) 14:116–21. doi: 10.1016/0196-0709(93)90050-H

50. Maxwell JH, Thompson LD, Brandwein-Gensler MS, Weiss BG, Canis M,
Purgina B, et al. Early oral tongue squamous cell carcinoma: sampling of margins
from tumor bed and worse local control. JAMA Otolaryngol Head Neck Surg. (2015)
141:1104–10. doi: 10.1001/jamaoto.2015.1351

51. Chen AY. Quality initiatives in head and neck cancer. Curr Oncol Rep. (2010)
12:109–14. doi: 10.1007/s11912-010-0083-6

52. Meier JD, Oliver DA, Varvares MA. Surgical margin determination in head and
neck oncology: current clinical practice: the results of an International American Head and
Neck Society member survey. Head Neck. (2005) 27:952–8. doi: 10.1002/(ISSN)1097-0347

53. Black C, Marotti J, Zarovnaya E, Paydarfar J. Critical evaluation of frozen section
margins in head and neck cancer resections. Cancer. (2006) 107:2792–800.
doi: 10.1002/cncr.v107:12

54. Buchakjian MR, Tasche KK, Robinson RA, Pagedar NA, Sperry SM. Association
of main specimen and tumor bed margin status with local recurrence and survival in
oral cancer surgery. JAMA Otolaryngol Head Neck Surg. (2016) 142:1191–8.
doi: 10.1001/jamaoto.2016.2329

55. Milinis K, King R, Lancaster J, Brooker R, Zammitt R, Wilkie MD, et al.
Predictors of non-functional larynx following (chemo)radiotherapy for locally
advanced laryngeal cancer. Clin Otolaryngol. (2023) 48:773–8. doi: 10.1111/coa.14074

56. de Leeuw ALMP, Giralt J, Tao Y, Benavente S, France Nguyen TV, Hoebers FJP,
et al. A multicentric randomized controlled phase III trial of adaptive and 18F-FDG-
PET-guided dose-redistribution in locally advanced head and neck squamous cell
carcinoma (ARTFORCE). Radiother Oncol. (2024) 196:110281. doi: 10.1016/
j.radonc.2024.110281

57. Lindegaard AM, Håkansson K, Bernsdorf M, Gothelf AB, Kristensen CA, Specht
L, et al. A systematic review on clinical adaptive radiotherapy for head and neck cancer.
Acta Oncol. (2023) 62:1360–8. doi: 10.1080/0284186X.2023.2245555

58. McDonald BA, Dal Bello R, Fuller CD, Balermpas P. The use of MR-guided
radiation therapy for head and neck cancer and recommended reporting guidance.
Semin Radiat Oncol. (2024) 34:69–83. doi: 10.1016/j.semradonc.2023.10.003

59. de Veij Mestdagh PD, Walraven I, Vogel WV, Schreuder WH, van Werkhoven
E, Carbaat C, et al. SPECT/CT-guided elective nodal irradiation for head and neck
cancer is oncologically safe and less toxic: A potentially practice-changing approach.
Radiother Oncol. (2020) 147:56–63. doi: 10.1016/j.radonc.2020.03.012

60. Nuyts S, Bollen H, Eisbruch A, Corry J, Strojan P, Mäkitie AA, et al. Unilateral
versus bilateral nodal irradiation: Current evidence in the treatment of squamous cell
Frontiers in Oncology 10
carcinoma of the head and neck. Head Neck. (2021) 43:2807:2821. doi: 10.1002/
hed.26713

61. Nutting CM, Griffin CL, Sanghera P, Foran B, Beasley M, Bernstein D, et al.
Dose-escalated intensity-modulated radiotherapy in patients with locally advanced
laryngeal and hypopharyngeal cancers: ART DECO, a phase III randomised controlled
trial. Eur J Cancer. (2021) 153:242–56. doi: 10.1016/j.ejca.2021.05.021

62. Benson R, Prashanth G, Mallick S. Moderate hypofractionation for early
laryngeal cancer improves local control: a systematic review and meta-analysis. Eur
Arch Otorhinolaryngol. (2020) 277:3149–54. doi: 10.1007/s00405-020-06012-9

63. Overgaard J, Hansen HS, Specht L, Overgaard M, Grau C, Andersen E, et al. Five
compared with six fractions per week of conventional radiotherapy of squamous-cell
carcinoma of head and neck: DAHANCA 6&7 randomised controlled trial. Lancet.
(2003) 362:933–40. doi: 10.1016/S0140-6736(03)14361-9

64. Wennerberg E, Vanpouille-Box C, Bornstein S, Yamazaki T, Demaria S, Galluzzi
L. Immune recognition of irradiated cancer cells. Immunol Rev. (2017) 280:220–30.
doi: 10.1111/imr.2017.280.issue-1

65. Benavente S, Sanchez-Garcia A, Naches S, ME LL, Lorente J. Therapy-induced
modulation of the tumor microenvironment: new opportunities for cancer therapies.
Front Oncol. (2020) 10:582884. doi: 10.3389/fonc.2020.582884

66. Darragh LB, Gadwa J, Pham TT, Van Court B, Neupert B, Olimpo NA, et al.
Elective nodal irradiation mitigates local and systemic immunity generated by
combination radiation and immunotherapy in head and neck tumors. Nat Commun.
(2022) 13:7015. doi: 10.1038/s41467-022-34676-w

67. Schoenfeld JD. Proceed with caution: eliminating elective nodal irradiation with
immunotherapy for head and neck cancer. Int J Radiat Oncol Biol Phys. (2023)
117:355–6. doi: 10.1016/j.ijrobp.2023.05.006

68. Ma TM, Wong DJ, Chai-Ho W, Mendelsohn A, St John M, Abemayor E, et al. High
recurrence for HPV-positive oropharyngeal cancer with neoadjuvant radiation therapy to
gross disease plus immunotherapy: analysis from a prospective phase Ib/II clinical trial. Int J
Radiat Oncol Biol Phys. (2023) 117:348–54. doi: 10.1016/j.ijrobp.2023.04.029

69. Uppaluri R, Campbell KM, Egloff AM, Zolkind P, Skidmore ZL, Nussenbaum B,
et al. Neoadjuvant and adjuvant pembrolizumab in resectable locally advanced, human
papillomavirus-unrelated head and neck cancer: A multicenter, phase II trial. Clin
Cancer Res. (2020) 26:5140–52. doi: 10.1158/1078-0432.CCR-20-1695

70. Vos JL, Elbers JBW, Krijgsman O, Traets JJH, Qiao X, van der Leun AM, et al.
Neoadjuvant immunotherapy with nivolumab and ipilimumab induces major
pathological responses in patients with head and neck squamous cell carcinoma. Nat
Commun. (2021) 12:7348. doi: 10.1038/s41467-021-26472-9

71. Hecht M, Gostian AO, Eckstein M, Rutzner S, von der Grün J, Illmer T, et al.
Safety and efficacy of single cycle induction treatment with cisplatin/docetaxel/
durvalumab/tremelimumab in locally advanced HNSCC: first results of CheckRad-
CD8. J Immunother Cancer. (2020) 8:e001378. doi: 10.1136/jitc-2020-001378

72. Semrau S, Gostian AO, Traxdorf M, Eckstein M, Rutzner S, von der Grün J, et al.
Implementation of double immune checkpoint blockade increases response rate to
induction chemotherapy in head and neck cancer. Cancers (Basel). (2021) 13:1959.
doi: 10.3390/cancers13081959

73. Huang Y, Sun J, Li J, Zhu D, Dong M, Dou S, et al. Neoadjuvant
immunochemotherapy for locally advanced resectable oral squamous cell carcinoma:
a prospective single-arm trial (Illuminate Trial). Int J Surg. (2023) 109:2220–7.
doi: 10.1097/JS9.0000000000000489

74. Ju WT, Xia RH, Zhu DW, Dou SJ, Zhu GP, Dong MJ, et al. A pilot study of
neoadjuvant combination of anti-PD-1 camrelizumab and VEGFR2 inhibitor apatinib
for locally advanced resectable oral squamous cell carcinoma. Nat Commun. (2022)
13:5378. doi: 10.1038/s41467-022-33080-8

75. Huang X, Liu Q, Zhong G, Peng Y, Liu Y, Liang L, et al. Neoadjuvant toripalimab
combined with gemcitabine and cisplatin in resectable locally advanced head and neck
squamous cell carcinoma (NeoTGP01): An open label, single-arm, phase Ib clinical
trial. J Exp Clin Cancer Res. (2022) 41:300. doi: 10.1186/s13046-022-02510-2

76. Zhang Z, Wu B, Peng G, Xiao G, Huang J, Ding Q, et al. Neoadjuvant
chemoimmunotherapy for the treatment of locally advanced head and neck
squamous cell carcinoma: A single-arm phase 2 clinical trial. Clin Cancer Res. (2022)
28:3268–76. doi: 10.1158/1078-0432.CCR-22-0666

77. Renata F, Johnson FM, Hutcheson KA, Sui D, Johnson JM, Ebersole B, et al.
Immuno-chemotherapy as single treatment modality for larynx preservation (ICoLP):
Co-primary endpoints and safety results. J Clin Oncol. (2023) 41.

78. Wichmann G, Wald T, Pirlich M, Napp J, Münter I, Asendorf T, et al. The European
Larynx Organ Preservation Study [MK-3475-C44]. Front Oncol. (2024) 14:1433238.
frontiersin.org

https://doi.org/10.1007/s00405-021-06651-6
https://doi.org/10.1002/cncr.v125.19
https://doi.org/10.1002/cncr.v125.19
https://doi.org/10.1177/01945998211020310
https://doi.org/10.1007/s12094-023-03121-9
https://doi.org/10.1002/lary.v122.5
https://doi.org/10.5041/RMMJ.20769172
https://doi.org/10.5041/RMMJ.20769172
https://doi.org/10.1055/s-2008-1058171
https://doi.org/10.1016/0196-0709(93)90050-H
https://doi.org/10.1001/jamaoto.2015.1351
https://doi.org/10.1007/s11912-010-0083-6
https://doi.org/10.1002/(ISSN)1097-0347
https://doi.org/10.1002/cncr.v107:12
https://doi.org/10.1001/jamaoto.2016.2329
https://doi.org/10.1111/coa.14074
https://doi.org/10.1016/j.radonc.2024.110281
https://doi.org/10.1016/j.radonc.2024.110281
https://doi.org/10.1080/0284186X.2023.2245555
https://doi.org/10.1016/j.semradonc.2023.10.003
https://doi.org/10.1016/j.radonc.2020.03.012
https://doi.org/10.1002/hed.26713
https://doi.org/10.1002/hed.26713
https://doi.org/10.1016/j.ejca.2021.05.021
https://doi.org/10.1007/s00405-020-06012-9
https://doi.org/10.1016/S0140-6736(03)14361-9
https://doi.org/10.1111/imr.2017.280.issue-1
https://doi.org/10.3389/fonc.2020.582884
https://doi.org/10.1038/s41467-022-34676-w
https://doi.org/10.1016/j.ijrobp.2023.05.006
https://doi.org/10.1016/j.ijrobp.2023.04.029
https://doi.org/10.1158/1078-0432.CCR-20-1695
https://doi.org/10.1038/s41467-021-26472-9
https://doi.org/10.1136/jitc-2020-001378
https://doi.org/10.3390/cancers13081959
https://doi.org/10.1097/JS9.0000000000000489
https://doi.org/10.1038/s41467-022-33080-8
https://doi.org/10.1186/s13046-022-02510-2
https://doi.org/10.1158/1078-0432.CCR-22-0666
https://doi.org/10.3389/fonc.2024.1494854
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Non-surgical organ preservation and new technologies in laryngeal radiation
	1 Introduction
	2 Current view on larynx organ preservation programs
	3 Current view on when T3 laryngeal and hypopharyngeal cancers and the important role of pretreatment function: surgical or non-surgical treatment
	4 Surgical view on new resection margins after neoadjuvant treatment in advanced laryngeal and hypopharyngeal cancers since surgery after NCT is still under strong consideration
	5 New technologies for radiation of advanced laryngeal and hypopharyngeal cancers
	5.1 Adaptive radiotherapy
	5.2 MRI-guided radiotherapy
	5.3 Unilateral neck irradiation
	5.4 Single and/or total radiation dose
	5.5 Radiotherapy in combination with immunotherapy

	6 New options for neoadjuvant treatment including immune checkpoint inhibitors
	7 Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


