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Abstract: Taxanes, particularly docetaxel (DTX), has been widely used for combination therapy of head and 
neck squamous cell carcinoma (HNSCC). For locally advanced unresectable HNSCC, DTX combined with 
cisplatin and 5-fluorouracil as a revolutionary treatment revealed an advantage in improvement of patient 
outcome. In addition. DTX plus immune check inhibitors (ICIs) showed low toxicity and increased response of 
patients with recurrent or metastatic HNSCC (R/M HNSCC). Accumulating data indicate that taxanes not only 
function as antimitotics but also impair diverse oncogenic signalings including angiogenesis, inflammatory 
response, ROS production, and apoptosis induction. However, despite an initial response, development of 
resistance remains a major obstacle to treatment response. Taxane resistance could result from intrinsic 
mechanisms such as enhanced DNA/RNA damage repair, increased drug efflux, and apoptosis inhibition, and 
extrinsic effects such as angiogenesis and interactions between tumor cells and immune cells. This review 
provides an overview of taxanes therapy applied in different stages of HNSCC and describe the mechanisms 
of taxane resistance in HNSCC. Through a detailed understanding the mechanisms of resistance may help 
developing the potential therapeutic methods and the effective combination strategies to overcome drug 
resistance. 
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1. Introduction 

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common type of cancer 
worldwide, with an annual incidence of more than 890,000 cases [1]. HNSCC develops in the outer 
layer of skin and in the mucosal epithelium of the mouth, nose, and throat, and impairs important 
physiological functions such as breathing, swallowing, and vocalization depending on its location. 
Common risk factors for HNSCC are associated with human papillomavirus infection and dietary 
habits such as betel nut chewing, cigarette heavy smoking, and excessive alcohol consumption [2]. 
Due to lack of appropriate screening biomarkers and unobvious or nonspecific symptoms in the 
early-stage HNSCC, patients are often diagnosed in an advanced state with a poor prognosis and a 
5-year overall survival (OS) rate of < 50% [3–5]. The multidisciplinary treatments including surgery, 
targeted therapy, radiotherapy, chemotherapy, and immunotherapy have been considered for 
HNSCC patients according to the stage of disease, anatomical site, and surgical accessibility [5]. 
Among these therapeutic methods, chemotherapeutic drugs remain the major regimens for systemic 
treatment. Currently, combination of docetaxel (DTX) with cisplatin plus 5-fluorouracil (TPF) has 
been the most popular therapeutic strategy for HNSCC [6]. Clinical verification revealed that 
complete response to TPF treatment was significantly associated with longer progression-free 
survival (PFS) and OS in HNSCC patients [7,8].  

Taxanes with core structure of taxadiene are a class of diterpenes originally identified from 
plants of the genus Taxus (yews). They represent one of the most interesting categories of 
antineoplastic drugs, paclitaxel (PTX) and the synthetic derivatives DTX and cabazitaxel (CTX) are 
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FDA approved taxane and currently used in the treatment of various cancers [9]. Taxanes bind with 
β-tubulin with high affinity via π-π interactions [10] and are characterized to promote the 
polymerization of microtubules and cause the formation of stable, dysfunctional microtubules 
thereby preventing normal cellular processes and arrest cell cycle progression [11]. Accumulating 
data indicate that except antimitotic function, taxanes affect diverse oncogenic signaling pathways 
including apoptosis, angiogenesis, inflammatory response, and ROS production [9]. However, 
despite an initial response, resistance to taxanes treatment can develop either at the first treatment or 
after multiple treatments, which could be one of the major causes responsible for relapses and poor 
outcomes in HNSCC patients [12]. Hence, a detailed understanding the mechanisms of resistance 
development may help overcoming chemoresistance to prolonged treatment response. 

In this review, we provide an overview of taxanes therapy applied in different stages of HNSCC, 
summarize the new treatment modalities in recent clinical trials. We describe the mechanisms of 
taxane resistance in HNSCC and highlight the potential strategies to overcome this resistance. 

2. Taxane in HNSCC clinical application 

2.1. Locally advanced HNSCC 

Combination chemotherapy with radiotherapy (RT) for patients with locally advanced HNSCC 
includes concurrent chemoradiotherapy (CRT) and induction chemotherapy (ICT) followed by RT or 
CRT [13,14]. The most conventional ICT regimen is a combination of cisplatin and 5-fluorouracil (PF) 
[15]. In order to enhance the effectiveness of ICT, a revolutionary advancement in treatment over the 
past decades is the integration of docetaxel into the PF ICT regimen. Extensive evidence from two 
phase III trials confirms that this modified regimen, known as TPF ICT, significantly improves 
survival rates compared to standard PF ICT [16,17]. Nevertheless, the debate about whether TPF ICT 
combined with CRT offers superior survival outcomes compared to the standard CRT remain 
continued. While two phase III trials demonstrated that TPF ICT combined with CRT did not result 
in a statistically significant survival advantage over CRT alone [18,19], only one phase III trial of TPF 
ICT has shown an overall survival benefit compared to no-induction treatment [20]. Notably, a major 
concern in clinical practice is the occurrence of more severe adverse events, particularly grade 3/4 
neutropenia and TPF-related deaths, which can potentially compromise the efficacy of treatment 
[21,22]. Therefore, the modification of TPF regimens has been developed to lower toxicity and 
enhance compliance for the older patients and Asian population [8,23]. TPF regimen is a highly 
selective treatment for locally advanced HNSCC. Patients who exhibit good partial response and 
complete response frequently acquire clinical benefit from this treatment [8,24] 

2.2. Recurrent/metastatic HNSCC 

For recurrent or metastatic HNSCC (R/M HNSCC), the systemic treatments such as immune 
check point inhibitor, chemotherapy, and targeted therapy against EGFR are used as the primary 
approach to improve long-term disease control; however, their efficacy remains limited [25]. 
Cetuximab, a monoclonal EGFR antibody, plus cisplatin and docetaxel have been clinically evaluated 
for the treatment of R/M HNSCC [26]. The result revealed that the progression free survival was 
around 6 months in the both arms and most of patients developed resistance to treatment in 12 
months. Despite less toxicity, this combination therapy was unable to achieve longer survival 
comparing to conventional EXTREME regimen in R/M HNSCC. The advent of immune checkpoint 
inhibitors targeting programmed death 1 (PD-1) creates a revolutionized HNSCC treatment. 
Pembrolizumab plus cisplatin and fluorouracil have been demonstrated enduring response rates and 
improved overall survival compared to cetuximab plus platinum chemotherapy [27], although this 
treatment had merely a median progression-free survival of around 5 months. Additionally, a phase 
IV trial, keynote B10 study, demonstrated that pembrolizumab plus paclitaxel and carboplatin had 
less toxicity and better compliance [28]. In general, taxane backbone treatment plus immune 
checkpoint inhibitors or cetuximab are a better alternative in R/M HNSCC. In the TPExtreme study, 
a first line chemotherapy with a taxane (TPEx) followed by second line with immunotherapy yields 
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a 21.9 month median survival (95% CI 15.9–35.0) [29]. Further study revealed an interesting finding 
that immunotherapy followed by chemotherapy increased 30% of objective response rate (ORR) to 
chemotherapy [30]. Immune checkpoint inhibitors plus taxane have been showed a synergic effect in 
the phase III KEYNOTE-407 study for squamous non-small-cell lung cancer [31]. A phase I/II study 
shown that combination of DTX with pembrolizumab showed promising activity (median OS 21.3 
months, 95% CI 6.3–31.1 months) accompanied with a manageable side effect profile in platinum 
resistant R/M HNSCC [32]. Collectively, these studies demonstrate an important role of taxane in 
chemotherapy for R/M HNSCC. 

3. Molecular Mechanisms of taxane 

3.1. Interfering the function of microtubules 

The functional mechanism of taxanes was primarily characterized to interfere with normal 
functioning of microtubules, which are essential structures involved in cell division and maintenance 
of cell shape [11]. Taxanes, such as paclitaxel and docetaxel, bind to beta subunit of tubulin, an 
essential part of microtubules. This binding stabilizes the microtubules by preventing their 
disassembly. During cell mitosis, microtubules help separate chromosomes into two daughter cells. 
Taxanes interfere with the normal formation and function of the mitotic spindle, leading to errors in 
chromosome segregation and ultimately preventing cell division. By disrupting microtubule 
dynamics, taxanes induce cell cycle arrest at the G2/M phase. This arrest prevents cells from 
progressing through the cell cycle and undergoing mitosis, effectively inhibiting cell proliferation 
and inducing cell death. 

3.2. Induction of apoptosis 

Taxanes also triggers signaling pathways of apoptosis. Taxanes can activate several pro-
apoptotic signaling pathways within cancer cells. One key pathway is involved in the activation of 
the c-Jun N-terminal kinase (JNK) and p38 kinase. These kinases phosphorylate and activate c-Jun 
and ATF-2, which induce the pro-apoptotic signaling [33]. In addition, taxanes disrupt the function 
of anti-apoptotic proteins, such as Bcl-2 and Bcl-xL, which normally prevent apoptosis by inhibiting 
the release of cytochrome c from the mitochondria [34]. Taxanes modulate the expression or activity 
of these anti-apoptotic proteins, promoting the release of cytochrome c and activation of the caspase 
cascade. Additionally, taxanes induce the generation of reactive oxygen species (ROS). Taxanes 
interfere the mitochondrial function, leading to an imbalance in electron transport chain activity and 
an increase in electron leakage. The electron leakage can result in the formation of superoxide radicals 
(O2·-) within the mitochondria, which then undergo enzymatic dismutation to form hydrogen 
peroxide (H2O2), a type of ROS [35]. Taxanes also stimulate the activity of NADPH oxidase to 
generate ROS. NADPH oxidase can produce superoxide radicals by transferring electrons from 
NADPH to molecular oxygen [36,37]. The metabolism of taxanes can result in the formation of 
reactive metabolites that are involving in inducing oxidative stress and contribute to ROS production. 
Moreover, taxanes can disrupt calcium signaling within cells. The calcium imbalance is able to 
activate nitric oxide synthase and xanthine oxidase thereby producing ROS [38,39], the accumulation 
of ROS could finally cause intracellular apoptosis. 

3.3. DNA damage and DNA repair inhibition 

Taxanes have been shown to suppress a set of DNA repair-related genes, whose silence is 
associated with cancer cell death [40]. In addition, many of these genes are overexpressed in tumors 
exhibiting chromosomal instability (CIN), which is associated with both poor prognosis in solid 
tumors and the rapid acquisition of multidrug resistance in cell culture models [41]. In the OV01 
clinical trial, a high level of CIN was associated with taxane resistance, indicating that CIN may 
determine taxanes response in vivo [40]. A retrospective cohort study showed that the combined use 
of paclitaxel could benefit survival of patient with homologous recombination (HR) deficient ovarian 
cancers [42]. On the other hand, paclitaxel can inhibit the overexpression of nucleotide excision repair 
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(NER)-related genes induced by doxorubicin thereby improving efficacy of the dose-dense ACT 
protocol for breast cancer treatment [43]. These findings suggest the functional roles of taxanes in 
modulating DNA repair mechanisms, including nucleotide excision repair (NER) and homologous 
recombination (HR). 

4. Taxane resistance in HNSCC 

Chemotherapy is a cancer treatment modality that employs drugs to eliminate tumor cells. A 
typical chemotherapy protocol consists of administering several drugs in cycles of three weeks. 
However, there are compelling arguments supporting the use of dose-dense protocols in various 
cancers, including HNSCC. Pharmacodynamics and pharmacokinetics both play crucial roles in the 
development of taxane resistance (Figure 1). To understand the effect of drug treatment on the 
organism (pharmacodynamics), it is essential to consider both intrinsic characteristics and the 
extrinsic tumor microenvironments. There are four primary intrinsic mechanisms associated with 
taxane resistance: DNA/RNA damage repair, drug efflux, apoptosis inhibition, and abnormal 
expression of tyrosine kinase pathways. The extrinsic tumor microenvironments involve 
angiogenesis and interactions between immune cells and tumor cells. 

 

Figure 1. Resistant mechanisms of taxanes in HNSCC. 

4.1. Intrinsic mechanisms 

4.1.1. DNA/RNA damage repair 

DNA damage and aberrant repair is important in the tumorigenesis, treatment response, and 
prognosis of HNSCC. A retrospective study of 170 patients with HNSCC reported that among DNA 
damage response (DDR genes), 17.6% of patients have BRCA2 and ARID1A mutations, 13.5% have 
ATM mutation, followed by 10% of patients have BRCA1 mutation [44]. Another study, which 
employed whole-exome sequencing for 45 patients with oral and oropharyngeal cancer, revealed that 
FANCG, CDKN2A, and TPP germline variants were strongly associated with HNSCC risk. 
Furthermore, the study found that 67% of patients had at least one germline variation in DNA repair 
pathway genes [45]. Abnormal expression of DDR-related genes is associated with the treatment 
response of HNSCC. A study involving 453 HNSCC patients found that the dysregulated expression 
of ERCC1 and XPA was associated with inferior overall survival and chemotherapy resistance in 
patients with squamous cell carcinoma of oral cavity [46]. High expression of DNA repair-related 
genes (MRE11A, Rad50, RAD51, and XRCC2) in HNSCC patients also contributes to tumor 
progression and induces drug-resistant phenotypes [47]. In our laboratory, we have found that the 
combination of arsenic trioxide (ATO) and EGFR inhibitors exhibits a synergistic inhibitory effect on 
HNSCC. This combination impairs the DNA damage repair response by suppressing the BRCA1-
PLK1 signaling pathway. Our single-case experience with a heavily treated HNSCC patient who had 
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TP53 and BRCA2 mutations showed an unusual and prolonged response to ATO and osimertinib, 
suggesting the potential to target the DNA damage repair pathway in HNSCC patients [48]. 

Several novel therapeutic approaches targeting the DDR pathway in HNSCC have been 
developed. PARPs are a group of enzymes that use beta-nicotinamide adenine dinucleotide (β-
NAD+) to covalently add poly(ADP-ribose) (PAR) chains to target proteins, a process known as 
PARylation [49]. PARP plays an important role in DNA damage repair and the maintenance of 
genome integrity. It binds to nuclear DNA single-strand breaks (SSBs) and recruits various DNA 
repair proteins, such as XRCC1, to facilitate DNA damage repair [50]. PARP inhibitors have been 
reported to provide significant clinical benefits in various solid tumors, including HNSCC [51,52]. 

Several clinical trials combining PARP inhibitors with taxanes are in progress [53–55]. 
In addition to PARP inhibitors, Wee1 is a serine/threonine kinase that regulates DNA damage-

induced G2/M phase arrest by phosphorylating cyclin-dependent protein kinase 1 (CDK1) [56]. 

Suppression of Wee1 kinase activity negatively regulates the G2/M checkpoint and induces DNA 
damage, ultimately leading to cell death through mitotic catastrophe [57]. A study reported that the 
combination of the Wee1 inhibitor adavosertib with cisplatin can synergistically inhibit the 
proliferation and survival of cisplatin-resistant HNSCC cells by inducing DNA damage [58]. The 
results of a Phase I clinical trial showed that the triplet combination of adavosertib, cisplatin, and 
docetaxel was safe and well-tolerated, demonstrating the promising anti-tumor efficacy in patients 
with advanced HNSCC [55]. 

4.1.2. Drug efflux 

Multidrug resistance 1 (MDR1)/P-glycoprotein (P-gp), a plasma membrane glycoprotein 
encoded by the MDR1 gene, is a member of the adenosine triphosphate-binding cassette (ABC) 
transporter family. Substantial evidence exists regarding the role of P-gp in mediating taxane 
resistance in vitro [59–61]. Therefore, inhibition of P-gp activity has been explored as a potential 
approach. For instance, pentagalloyl glucose was investigated for its inhibitory effects on P-gp and 
its impact on cancer stem-like cells in HNSCC [62]. Additionally, cabazitaxel is a derivative of 
docetaxel, which is cytotoxic to docetaxel-resistant cell lines due to P-gp overexpression. cabazitaxel 
has been shown to improve the survival of prostate cancer patients who experienced relapse after 
docetaxel treatment [63]. A phase II clinical trial was conducted to evaluate the efficacy of cabazitaxel 
compared to docetaxel in recurrent head and neck cancer patients. Unfortunately, cabazitaxel did not 
show superior disease control compared to docetaxel [64]. Further investigation is needed to 
determine whether cabazitaxel can provide benefits to patients who have progressed after docetaxel 
treatment. While most of the literature has primarily concentrated on MDR1, the absence of ABCC10, 
another ATP-dependent drug efflux pump, has been linked to heightened sensitivity to DTX and PTX 
in both in vivo and in vitro settings [65]. This implies that other ATP-dependent pumps might play 
compensatory roles in taxane efflux and should be taken into account in the quest for targeted 
therapies. 

4.1.3. Apoptosis inhibition 

Apoptosis inhibition has been observed in taxane-resistant HNSCC. Liu et al. indicated that 
HNSCC cells can upregulate survivin expression by activating the NF-κB pathway. Survivin inhibits 
active caspase-9, thereby preventing apoptosis induced by aberrant mitosis resulting from mitotic 
damage caused by paclitaxel [66]. Other inhibitors of apoptosis proteins (IAP), including XIAP (X-
linked inhibitor of apoptosis), cIAP1/2 (cellular inhibitor of apoptosis 1 and 2), and SMAC (second 
mitochondria-derived activator of caspases), have also been found to play crucial roles as survival 
factors in HNSCC [67]. Currently, clinical trials are underway to investigate the use of IAP 
antagonists for targeting HNSCC. An exploratory trial is designed to study HNSCC patients who 
received xevinapant, cisplatin chemotherapy, or both treatments before surgery [68]. After 
xevinapant treatment, tumors exhibited higher infiltration by CD8+ T cells and NF-κB/IAP pathway 
mediators [68]. Further investigation is needed to explore the combined effects of taxanes and 
apoptosis inhibitors. 
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4.2. Extrinsic mechanisms 

4.2.1. Angiogenesis 

The proliferation of HNSCC cells results in the formation of abnormal blood vessels and 
lymphatic vessels, leading to the leakage and accumulation of fluid in the interstitium. This elevated 
tumor interstitial pressure (TIP) physically hinders the infiltration of immune cells and chemotherapy 
[69]. Angiogenesis is a hallmark of tumor progression, and targeting it has proven to be a successful 
approach in treating certain solid tumors. Bevacizumab, in combination with chemotherapy, has 
received approval from the US FDA for the treatment of several malignancies [70]. Because preclinical 
data showed promising results for bevacizumab in the treatment of HNSCC [71,72], numerous 
clinical trials investigated bevacizumab in combination with chemotherapy [73–75]. Although these 
studies showed promising response rates, concerns about toxicities such as perforation and 
hemorrhage persisted. A large Phase III trial was conducted to assess the addition of bevacizumab to 
chemotherapy regimens. This trial revealed a significant improvement in progression-free survival 
and the overall response rate. However, it did not demonstrate a statistically significant survival 
advantage. Notably, the addition of bevacizumab was associated with a higher incidence of grade 3–
5 bleeding events (6.7% vs. 0.5%; p<0.001) and treatment-related deaths (9.3% vs. 3.5%; p=0.022) [73]. 

Regarding tyrosine kinase inhibitors of angiogenesis, compounds such as sorafenib, sunitinib, 
semaxanib, levantinib, and vandetanib have been studied to enhance the response rate to 
chemotherapy [76–78]. However, the combination of tyrosine kinase inhibitors with chemotherapy, 
including docetaxel and paclitaxel, showed only limited clinical significance. 

4.2.2. The interaction of immune therapy and chemotherapy 

HNSCC is characterized with a combination of immune escape mechanisms that suppress 
immune attacks. Among the immune pathways involved in this interaction, the most well-known 
pathway is the programmed cell death protein 1 (PD-1)/programmed cell death ligand-1 (PD-L1) 
axis. PD-1 is a member of the CD28/cytotoxic T-lymphocyte antigen 4 (CTLA-4) family of T cell 
regulators and is expressed on both immune and cancer cells. Physiologically, PD-1 promotes self-
tolerance by preventing the immune system from killing cancer cells and suppressing T cell 
inflammatory activity [79]. Targeting T cells with PD-1/PD-L1 inhibitors in combination with 
chemotherapeutic drugs has been the standard of care in metastatic/recurrent HNSCC. It is still 
unclear whether the combination effects of PD-1/PD-L1 inhibitors and chemotherapies are synergistic 
or additive. Several retrospective studies have shown that exposure to immune checkpoint inhibitors 
improves the response to salvage chemotherapy in HNSCC, suggesting that immune checkpoint 
inhibitors may increase tumor sensitivity to chemotherapy [30,80]. 

In addition to T cells, other immune cells also play important roles in tumorigenesis and drug 
resistance in HNSCC. In our laboratory, we have found that tumor-associated macrophages are 
associated with chemotherapeutic resistance [36]. Macrophages can secrete IL-1beta to promote 
docetaxel resistance in HNSCC by upregulating the expression of intercellular adhesion molecule 1 
(ICAM1) in tumor cells, which promotes stemness and the formation of polypoid giant cancer cells. 
Preclinical data have shown that ATO can reduce macrophage infiltration into the tumor 
microenvironment and impair IL-1β secretion by macrophages. The combinatorial use of arsenic 
trioxide enhances the in vivo efficacy of docetaxel in a mouse model [36]. Although targeting IL-1β 
or ICAM1 is a promising concept, there are no clinical trials that have assessed targeting IL-1β or 
ICAM1 for HNSCC treatment and more research in this area is warranted. 

4.2.3. Optimizing the pharmacokinetics of chemotherapy 

Dose-dense chemotherapy increases the dose intensity of the regimen by delivering standard-
dose chemotherapy with shorter intervals to avoid regrowth of cancer cells. Dose-dense 
chemotherapy can help overcome chemotherapy resistance in some cases. By delivering 
chemotherapy more frequently and at higher doses, it may prevent cancer cells from developing 
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resistance mechanisms and reduce the chances of tumor growth. This approach is particularly 
relevant in the treatment of certain aggressive cancers, such as breast cancer, bladder cancer, and 
lymphoma [81,82]. However, the associated studies in HNSCC are scarce. Our team conducted a 
phase II clinical trial using biweekly TPF rather than the conventional triweekly TPF regimen. The 
data showed that this biweekly TPF induction chemotherapy regimen had an overall response rate 
of 89.7% and a complete response rate of 31%. Notably, the grade 3-4 neutropenia rate is lower than 
that of the conventional triweekly TPF regimen [8]. A retrospective study by J. Fayette et al. in France 
reported a similar biweekly regimen for metastatic head and neck HNSCC and also confirmed a high 
response rate with tolerable toxicity [83]. A randomized phase II prospective study conducted in 
India showed that the biweekly regimen had better response rates with fewer toxicities compared to 
conventional triweekly regimens [84]. In summary, dose-dense regimens are a promising approach 
in HNSCC patients. Further investigation is warranted to determine the appropriateness of this 
concept in combination with targeted therapies or immune therapies. 

5. Conclusion 

Currently, taxanes, comprising PTX and its synthetic derivatives, have been broadly used for 
chemotherapy in diverse cancers, including HNSCC. In addition to stabilize β-tubulin 
polymerization to suppress microtubule dynamics and impairs mitosis, the functions of taxanes were 
characterized to be involved in many oncogenic signaling pathways such as angiogenesis, 
inflammatory response, ROS production, and apoptosis induction. However, the intrinsic and 
acquired resistance remains a major obstacle to prolonged treatment response. Through a detailed 
understanding the mechanisms of resistance may lead to emerge the development of dual targeting 
compounds and the effective combination strategies for surmounting drug resistance. 
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