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Human papillomavirus (HPV)-associated oropharyngeal squamous cell carcinoma (OSCC) has seen a notable 

increase in incidence over recent decades, distinguishing itself from other head and neck squamous cell 

carcinomas (HNSCC) by its generally more favorable prognosis. This distinction has prompted considerable 

interest in treatment de-escalation strategies, particularly given that patients with HPV-positive OSCC are often 

younger than their HPV-negative counterparts. But the presence of a smoking history introduces a significant 

confounding factor, challenging the assumption of uniformly excellent outcomes and complicating patient 

selection for less intensive therapies.1

K E Y  TA K E AWAY S

º The Pivot: Smoking history fundamentally alters the prognosis of HPV-driven OSCC, negating some of 

the survival advantages typically associated with HPV positivity.

º The Data: Heavy smokers with HPV-positive OSCC exhibit oncological outcomes more akin to 

HPV-negative patients, with higher recurrence rates and poorer survival.

º The Action: Clinicians must meticulously assess smoking history in all HPV-positive OSCC patients, as 

this factor dictates whether de-escalation trials are appropriate or if standard, more aggressive treatment 

remains necessary.

HPV-associated OSCC represents a distinct disease entity within the broader spectrum of HNSCC, characterized by 

its unique etiology, molecular profile, and generally improved prognosis.1,2 The disease typically affects younger 

patients, often without the extensive smoking and alcohol histories common in HPV-negative HNSCC. This demographic 

difference, coupled with higher cure rates, has driven a focus on reducing treatment-related toxicities, which can severely 

impact quality of life for long-term survivors.1,2 The standard treatment for locoregionally advanced OSCC involves 

concurrent chemoradiotherapy, a regimen known for its efficacy but also for its significant acute and long-term side 

effects, including dysphagia, xerostomia, and trismus.2

The improved prognosis of HPV-positive OSCC patients, compared to those with HPV-negative disease, has led to 

numerous clinical trials exploring de-escalation strategies. These trials aim to maintain high cure rates while mitigating 

treatment-related morbidity.2 De-escalation approaches include reducing radiation dose, omitting chemotherapy, or 

substituting less toxic systemic agents. But patient selection for these de-escalation trials remains a major challenge 

due to the lack of robust, validated prognostic indicators that can reliably identify patients who will benefit from reduced 

intensity treatment without compromising oncological outcomes.1,2
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The Smoking Conundrum in HPV-Positive Disease
The conventional wisdom holds that HPV-positive OSCC is a 'good prognosis' disease. This generalization, however, 

overlooks a critical variable: smoking status. While HPV-positive patients are often non-smokers or light smokers, a 

significant subset has a history of heavy smoking. These patients, despite their HPV-positive status, do not share the 

same favorable prognosis as their non-smoking HPV-positive counterparts.1,3 The impact of smoking on HPV-driven 

head and neck cancer outcomes has been a subject of increasing scrutiny, revealing a complex relationship between viral 

etiology and carcinogen exposure.3

Mirghani and colleagues, in their 2018 review published in Oral Oncology, highlighted that smoking significantly 

impacts the oncological outcomes of HPV-driven HNSCC.3 They observed that patients with HPV-positive OSCC who 

are also heavy smokers exhibit a poorer prognosis than HPV-positive non-smokers. This suggests that the protective effect 

of HPV positivity is attenuated, if not entirely negated, by concurrent heavy tobacco exposure. The mechanisms behind 

this interaction are not fully elucidated, but they likely involve additional genetic mutations and epigenetic changes 

induced by tobacco carcinogens, which can override the favorable biological characteristics conferred by HPV.3

Lorini, Bossi, and Psyrri, writing in Frontiers in Oncology in 2024, further emphasized this point, questioning whether a 

different treatment paradigm is necessary for HPV-driven OSCC in current or previous heavy smokers.1 They noted that 

these patients, despite being HPV-positive, often present with more advanced disease, higher rates of distant metastasis, 

and poorer overall survival compared to HPV-positive non-smokers. This demographic, therefore, represents a high-risk 

subgroup that may not be suitable for de-escalation protocols.1

Defining 'Heavy Smoker' and its Clinical Relevance
The definition of a 'heavy smoker' in the context of HPV-positive OSCC is important for risk stratification. While specific 

pack-year thresholds vary across studies, a common definition includes a smoking history of 10 pack-years or more.3 

Patients meeting this criterion, even if they have quit smoking, demonstrate oncological outcomes that more closely 

resemble those of HPV-negative patients. This means higher rates of locoregional recurrence and reduced disease-free 

and overall survival.1,3

For instance, one analysis indicated that HPV-positive patients with a smoking history of >10 pack-years had a 5-year 

overall survival rate comparable to HPV-negative patients, significantly lower than HPV-positive non-smokers.3 This 

finding directly challenges the blanket assumption of a good prognosis for all HPV-positive OSCC patients and highlights 

the need for careful patient stratification. The clinical implication is clear: a detailed smoking history, including 

pack-years, must be a standard part of the diagnostic workup for all OSCC patients, regardless of HPV status. Clinicians 

might find the Oxford Handbook of Oncology a useful reference for these complex risk assessments.

Challenges in De-escalation Trials
The heterogeneity introduced by smoking status complicates the design and interpretation of de-escalation trials for 

HPV-positive OSCC. Many early de-escalation studies did not adequately stratify patients by smoking history, potentially 

diluting the observed benefits of reduced treatment intensity or masking adverse outcomes in the high-risk smoking 

subgroup.1,2 This oversight means that some patients who received de-escalated therapy might have been heavy smokers, 

leading to suboptimal outcomes that could be misattributed to the de-escalation strategy itself, rather than to their 

underlying risk profile.1
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Svajdova, Dubinsky, and Kazda, in their 2022 review in Cancers (Basel), reiterated that patient selection for de-escalation 

trials remains a major challenge due to the lack of robust validated prognostic indicators within HPV-associated OSCC.2 

They emphasized the need for better biomarkers and clinical criteria to identify patients who are truly low-risk and can 

safely undergo de-escalated treatment. Without such precise stratification, de-escalation efforts risk compromising the 

excellent cure rates achieved with standard chemoradiotherapy in genuinely low-risk patients, while simultaneously 

undertreating high-risk smokers.2

The biological differences between HPV-positive non-smokers and HPV-positive heavy smokers are substantial. 

HPV-positive tumors in non-smokers often exhibit a more favorable tumor microenvironment, higher rates of p16 

expression, and a greater sensitivity to radiation and chemotherapy.3 But, in heavy smokers, the cumulative DNA damage 

from tobacco carcinogens can lead to additional mutations in tumor suppressor genes and oncogenes, driving a more 

aggressive tumor phenotype that is less responsive to standard therapies. This makes the disease in heavy smokers 

biologically distinct, warranting a different therapeutic approach.1

The Need for a Differentiated Treatment Approach
Given the clear prognostic divergence, a 'one-size-fits-all' approach to HPV-positive OSCC is no longer tenable. Lorini, 

Bossi, and Psyrri advocate for a differentiated treatment paradigm, where HPV-positive heavy smokers are considered 

a distinct clinical entity.1 They argue that these patients should likely continue to receive standard, full-intensity 

chemoradiotherapy, similar to HPV-negative patients, rather than being considered for de-escalation. This perspective 

aligns with the understanding that the biological aggressiveness of the tumor in heavy smokers outweighs the favorable 

aspects of HPV positivity.1

Conversely, HPV-positive non-smokers, who truly represent the low-risk population, are the ideal candidates for 

de-escalation trials. Identifying this subgroup accurately is paramount to advancing treatment strategies without 

jeopardizing patient outcomes. The challenge lies in developing and validating reliable biomarkers that can precisely 

stratify patients beyond simple HPV status and smoking history. These might include molecular signatures, imaging 

characteristics, or circulating tumor DNA profiles.2 Our previous coverage on how cancer spreads highlights the 

complexity of tumor biology.

Future Directions and Unanswered Questions
The ongoing research in HPV-associated OSCC focuses on refining risk stratification and developing personalized 

treatment approaches. This includes exploring novel systemic therapies, such as immunotherapy, in combination with 

reduced-intensity radiation for selected patient groups. However, the integration of smoking history as a primary 

stratification factor in all future clinical trials is non-negotiable. Without it, the results of de-escalation studies will 

continue to be confounded, and the true efficacy of reduced treatment intensity will remain obscured.1,2

The long-term toxicity profiles of de-escalated regimens also require careful monitoring, particularly in a younger patient 

population with a high cure rate. While reducing acute toxicity is a primary goal, ensuring that long-term functional 

outcomes, such as speech and swallowing, are preserved is equally important. The balance between efficacy and quality 

of life remains a delicate one, especially when considering the potential for undertreatment in higher-risk subgroups.2 

The field must also consider the implications for advanced prostate cancer treatments, where patient stratification is 

similarly critical.
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One limitation in the current literature is the lack of prospective trials specifically designed to compare de-escalated 

therapy in HPV-positive non-smokers versus standard therapy in HPV-positive heavy smokers. Most data on smoking 

impact comes from retrospective analyses or subgroup analyses of trials not primarily powered for this distinction. This 

gap in evidence means that while the clinical consensus points towards differentiated treatment, robust prospective data 

to guide this approach is still emerging.1,3

The precise biological mechanisms by which tobacco carcinogens interact with HPV-driven oncogenesis also warrant 

further investigation. Understanding these pathways could lead to the identification of new therapeutic targets that 

could specifically benefit HPV-positive heavy smokers. This could involve therapies that counteract the effects of 

tobacco-induced mutations or enhance the immune response in these patients.3 For example, KRAS vaccine research 

shows how targeted approaches can evolve.

The question of whether former heavy smokers, who have quit for many years, still carry the same increased risk as 

current heavy smokers also needs clearer definition. While some studies suggest a persistent risk, the duration and 

intensity of past smoking, along with the time since cessation, may influence the degree of risk. This nuance is important 

for accurate patient counseling and treatment planning.3

The field of HPV-associated OSCC is moving towards a more individualized approach, but this individualization must be 

grounded in a comprehensive understanding of all prognostic factors, not just HPV status alone. The impact of smoking 

history stands out as a critical determinant that clinicians cannot afford to overlook. The next generation of clinical trials 

must explicitly address this heterogeneity to truly optimize outcomes for all patients with HPV-driven disease. What 

remains to be seen is whether these trials will adopt sufficiently stringent stratification criteria to definitively answer the 

question of who truly benefits from de-escalation.

CLINICAL IMPLICATIONS

The notion that HPV-positive oropharyngeal cancer is uniformly a 'good prognosis' disease is a dangerous 

oversimplification. Clinicians must abandon this blanket assumption. The evidence is clear: a significant 

smoking history, typically defined as 10 pack-years or more, fundamentally alters the disease biology and 

prognosis, pushing outcomes closer to those seen in HPV-negative disease. This means that de-escalation 

strategies, while appealing for their potential to reduce toxicity, are not appropriate for all HPV-positive patients.

For European GPs and specialists, this translates into a critical need for meticulous patient history taking. A 

detailed smoking history, including pack-years, is as important as HPV status itself when evaluating OSCC 

patients. Referring oncologists should be wary of de-escalation protocols for HPV-positive patients with a 

substantial smoking history; these individuals likely require standard, full-intensity treatment to achieve optimal 

oncological control. Ignoring this distinction risks undertreating a high-risk subgroup.

The industry, particularly those developing novel therapies or designing clinical trials, must integrate smoking 

status as a primary stratification factor. Future de-escalation trials that fail to account for this variable will 

produce confounded results, hindering progress and potentially exposing patients to unnecessary risks. The 

push for personalized medicine in oncology demands this level of precision; anything less is a disservice to 

both patients and the scientific endeavor.
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