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Abstract

Purpose: To examine the role age plays in the treatment and prognosis of locally advanced head 

and neck cancer (LAHNC) treated definitively with radiation alone or combined modality therapy.

Methods: A retrospective analysis was performed of three NRG/RTOG trials examining either 

radiation alone or combined radiation and systemic therapy for LAHNC. The effect of age (≥70 

yrs.) on cause-specific survival (CSS), overall survival (OS), and toxicity was evaluated.

Results: A total of 2688 patients were analyzed, of whom 309 patients (11.5%) were ≥70. For 

all studies combined, the hazard ratio (HR) for CSS for patients age ≥70 vs. those <70 was 1.33 

(95%CI: 1.14–1.55, p<0.001). For OS, the HR for patients age ≥70 vs. those < 70 for all studies 

combined was 1.55 (95% CI 1.35–1.77, p<0.001). After adjustment for all covariates, age ≥70 

was associated with worse OS regardless of adjustment for smoking and p16 status. The survival 

difference was more pronounced in those receiving combined radiation and systemic therapy. 

Hematologic and renal toxicities were increased in combined modality trials in patients ≥70 years 

old.

Conclusions: Patients age ≥70 with LAHNC were underrepresented in these clinical trials. 

Their CSS and OS proved inferior to patients <70 years old.

Keywords

Locally advanced head and neck cancer; Chemotherapy; Radiation; Older Adult; Age; Toxicity; 
CSS; OS; Retrospective Analysis

1. Introduction

Head and neck cancer most often occurs in the 5th and 6th decade. More than 50% of 

patients are over 60 years of age, and 28% are over 70 years of age at diagnosis [1]. 

In addition, the oropharynx cancer epidemic is shifting from a younger population (< 60 

years) to an older one (> 65 years). This increase will have substantial implications on 
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clinical care. If these trends continue, it is predicted that from 2016 to 2029 the incidence of 

oropharyngeal cancer will increase in older white men (65–74 years) from 40.7 per 100,000 

to 71 per 100,000 [2]. For men 75–84 years, the incidence will rise from 25 to 50 per 

100,000 [2]. Concomitantly, SEER data from 2000 to 2012 have indicated a decrease in the 

incidence of tobacco-related HNC in older adult patients [3]. Additionally, the number of 

U.S. citizens older than 65 years is expected to increase in the next decade [4,5]. Even as 

causation seems to have shifted, the effect of age on cancer outcomes is still a major issue, 

particularly as the oropharyngeal cancer epidemic shifts from a younger population (< 60 

years) to an older one (> 65 years). These factors have created an opportunity to examine the 

specific effect of age on treatment outcomes in patients with locally advanced LAHNC. To 

date, most retrospective reviews on this topic have been single institution efforts with varied 

treatment regimens and no standard eligibility criteria. These studies, though informative, do 

not provide definitive guidance for treatment. Some previous analyses have shown that older 

adult patients can achieve comparable outcomes if treated with similar therapies as younger 

patients [6]. Alternatively, other studies have shown higher mortality and greater toxicities in 

older adults treated with standard of care therapies compared to younger patients. [7–9] To 

date, age as an independent prognostic variable in the treatment of head and neck cancer has 

not been addressed in the context of major cooperative group trials. Hence, we endeavored 

to assess the impact of age on outcome in three large serial phase III trials of radiation, 

either alone or combined with systemic therapy in LAHNC conducted under the aegis of the 

Radiation Therapy Group (RTOG) and the NRG Oncology.

2. Methods

In an effort to identify the relevance of age, a retrospective analysis of 2688 patients enrolled 

in three national RTOG trials (RTOG 0129, 0522 and 9003) was performed. Patients were 

evaluated for survival and toxicity by age (≥ 70 vs. < 70 years). Other factors were also 

assessed within the demographic profile. See Table 1.

RTOG 9003 was a four-arm phase III trial testing three altered fractionation schedules 

against standard once-daily radiation administration with accrual between 9/91 and 8/97. No 

systemic therapy was involved. Patients with locally advanced head and neck cancer of the 

oral cavity, oropharynx, hypopharynx, and supraglottic larynx were included.

RTOG 0129 was a two-arm phase III trial evaluating standard fractionation of radiation 

with concurrent high dose cisplatin (100 mg/m2 every 21d for 3 cycles) versus accelerated 

fractionation by a concomitant boost with concurrent high dose cisplatin (2 cycles). Patients 

with locally advanced cancers of oral cavity, oropharynx, hypopharynx, and larynx were 

eligible and were accrued between 07/02 and 06/05.

RTOG 9003 was a four-arm phase III trial testing three altered fractionation schedules 

against standard once-daily radiation administration with accrual between 9/91 and 8/97. No 

systemic therapy was involved. Patients with locally advanced head and neck cancer of the 

oral cavity, oropharynx, hypopharynx, and supraglottic larynx were included.
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RTOG 0129 was a two-arm phase III trial evaluating standard fractionation of radiation 

with concurrent high dose cisplatin (100 mg/m2 every 21d for 3 cycles) versus accelerated 

fractionation by a concomitant boost with concurrent high dose cisplatin (2 cycles). Patients 

with locally advanced cancers of oral cavity, oropharynx, hypopharynx, and larynx were 

eligible and were accrued between 07/02 and 06/05.

RTOG 0522 was a phase III trial testing the addition of cetuximab to standard high dose 

cisplatin delivered concurrently with accelerated radiation vs high dose cisplatin alone plus 

accelerated radiation. Eligible patients had locally advanced squamous cell carcinomas of 

the oropharynx, hypopharynx, and larynx and were accrued between 11/05 and 03/09.

Toxicities in RTOG 9003 were graded by the RTOG (acute) and RTOG/EORTC (late) 

criteria. Toxicities in RTOG 0129 were graded by Common Toxicity Criteria (CTC) version 

2.0 (acute radiation and chemotherapy at any time) and RTOG/EORTC (late radiation) 

criteria. Toxicities in RTOG 0522 were graded by Common Terminology Criteria for 

Adverse Events (CTCAE) version 3.0; events unrelated to or unlikely to be related to 

protocol treatment were excluded from the analysis. Only acute toxicities within 90 days 

of the start of treatment were included in this analysis. The persistence of feeding tubes at 

6, 12, and 24 months was also included as an endpoint. These studies were each officially 

reviewed by individual institutional review boards at each participating site, and therefore 

met the requirements for the protection of human subjects.

Statistical analyses:

Overall survival was defined as the time from randomization to death (event) or last follow-

up. Failure for cause-specific survival was defined in two ways:

1. Any cause of death following local, regional, or distant progression, or cause of 

death due to study cancer, second primary, protocol treatment, or unknown.

2. Any cause of death following local, regional, or distant progression, or cause of 

death due to study cancer, second primary, or protocol treatment.

Survival rates were estimated using the Kaplan-Meier method. Hazard ratios were estimated 

by the Cox model. All analyses that included multiple trials were stratified by trial. Pearson 

chi-square test and Fisher’s exact test were used to compare categorical variables, Wilcoxon 

rank-sum test was used to compare continuous variables. Local-regional failure and distant 

metastasis rates were estimated by the cumulative incidence method and groups were 

compared by Gray’s test.

3. Results

This secondary analysis included 2688 patients (n = 1076, 721, 891 for each trial). A total 

of 309 patients (11.5%) were 70 years of age or older with the breakdown as follows: RTOG 

9003: 207pts (19.2%); RTOG 0129: 48 pts. (6.7%); and RTOG 0522: 54 pts. (6.1%). The 

median follow-up for all surviving patients was 5.2 years (range 0.01 to 20.3); 14.1 years in 

RTOG 9003; 7.9 years in RTOG 0129 and 4.6 years in RTOG 0522.
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Patients ≥70 years were more likely to be female, have a poorer performance status, and a 

more pronounced smoking history (Table 1). Distributions of the primary site, p16 status, 

and N stage also differed by age group. Oropharyngeal cancer was the predominant site 

across trials occurring in 64.5% of patients <70 years old and 56.3% of patients ≥70 years 

old. Forty-four percent (44%)(1194/2688) of patients had p16 testing performed; of these 

48.9% were p16 positive. Fifty-one percent (51%) of the patients <70 years were p16+ 

compared to 31.8% of those patients ≥70 years.

In univariate analysis, patients 70 years and older had worse survival compared to patients 

<70 years both in each individual trial and when the trial results were combined; the overall 

HR was 1.55 (95%CI: 1.35–1.77) for combined trials, 1.34 (95%CI: 1.15–1.57) for RTOG 

9003, 2.34 (95%CI:1.68–3.26) for RTOG 0129, and 2.45 (95%CI: 1.69–3.53) for RTOG 

0522, respectively. The p values were < 0.001 for all tests. Survival for all three (3) trials 

combined is shown in Fig. 1a. The survival curves for each individual trial are shown in Fig. 

1b, 1c, and 1d.

Adjusting for covariates, patients ≥70 years had worse survival compared to patients <70 

years, without adjustment (HR:1.53, 95%CI: 1.34–1.76, p < 0.001, Table 2 model #1) or 

with adjustment (HR:1.46, 95%CI: 1.14–1.88, p = 0.003, Table 2 model #2) for p16 status 

and smoking history. In all primary sites, the harmful effect of age ≥ 70 appeared worse in 

p16-positive patients (HR: 2.07, 95%CI: 1.31–3.28 vs. 1.30, 95%CI: 0.97–1.75; interaction 

p = 0.09; Table 2, model #3). Among patients with oropharyngeal cancers, the results were 

similar for the effect of age (HR: 1.82, 95%CI: 1.10–3.00 for p16-positive vs. 1.16, 95%CI: 

0.74–1.82 for p16-negative; interaction p = 0.18). There were no significant interactions 

between age and primary tumor site or a differential effect of age by treatment arm in each 

trial.

In RTOG 0129, with or without adjusting for institutional accrual volume, the effect of age 

remained significant (HRs = 1.99, 1.88, p values = 0.02, 0.02).

Examination of cause-specific survival is detailed in Table 3. Without adjustment for 

covariates (including unknown causes), patients ≥70 had worse survival in all trials 

combined (HR = 1.33, 95%CI: 1.14–1.55, p < 0.001), in RTOG 0129 (HR = 2.52, 95%CI: 

1.78–3.57, p < 0.001) and in RTOG 0522 individually (HR = 2.05, 95%CI: 1.34–3.16, p = 

0.001), but not in RTOG 9003 (HR = 1.09, 95%CI: 0.90–1.31, p = 0.39). With adjustment 

for covariates in all three trials, age ≥ 70 was associated with worse survival compared to 

age < 70 years without (HR = 1.35, 95%CI: 1.15–1.58, p < 0.001) but not with adjustment 

for p16 and smoking status (HR = 1.26, 95%CI: 0.93–1.70, p = 0.14). The harmful effect 

of age ≥ 70 appeared to be worse in p16-positive patients (HR: 2.15, 95%CI: 1.26–3.67 for 

p16-postive vs. 1.05, 95%CI: 0.74–1.50 for p16-negative; interaction p = 0.027). This effect 

was more evident in RTOG 0129 and 0522 combined (HR: 3.76, 95% CI: 1.85–7.65 for 

p16-postive vs. HR: 1.68, 95%CI: 0.98–2.89 for p16-negative, interaction p = 0.08). Results 

for cause-specific survival that did not include unknown causes of death showed similar age 

effects (Table 3). For example, the harmful effect of age ≥ 70 appeared worse in p16-positive 

patients (HR: 1.86, 95%CI: 1.01–3.42 for p16-positive vs. 1.05, 95% CI: 0.73–1.52 for 

p16-negative; interaction p = 0.11). Again, this effect was more evident in 0129 and 0522 
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combined (HR: 3.33, 95%CI: 1.50–7.39 for p16-positive vs. HR: 1.81, 95%CI: 1.03–3.17 

for p16-negative, interaction p = 0.22).

We also compared local-regional failure (5-year 34.5%, 95%CI: 32.5–36.4% age < 70 vs. 

5-year 39.4%, 95%CI: 33.9–44.9% for age ≥ 70, p = 0.69) and distant metastases (5-year 

13.4%, 95%CI: 12.1–14.9% vs. 5-year 10.2%, 95%CI: 7.1–13.9%, p = 0.12) between two 

age groups. These differences were not significant.

Causes of death are outlined in Table 4 for all trials. The distributions of the cause of death 

were significantly different between the age groups (p < 0.001). Deaths due to underlying 

cancer (local, regional, or distant) were 54.7% in patients <70 years and 41.9% in patients 

≥70 years. Second primaries accounted for 9.5% (<70 years) and 8.1% (≥70 years) of 

deaths. Death due to other causes and protocol treatment combined, occurred in 20.7% of 

patients <70 years compared to 37.0% in patients ≥70 years. The majority of other causes of 

deaths were either cardiac or pulmonary.

3.1. Radiation Dose Delivery

In RTOG 0129, the median radiation dose for the standard fractionation arm was 69.7 Gy 

for patients <70 years and 70 Gy for patients ≥70 years; in the accelerated arm, it was 70 

Gy for patients <70 years and 63 Gy for patients ≥70 years; however, this difference was not 

statistically significant. For RTOG 0522 the median radiation dose across the two age groups 

and treatment arms was 70 Gy. Likewise, the median RT dose was similar between the two 

age groups in RTOG 9003.

3.2. Chemotherapy Delivery

RTOG 0129 and RTOG 0522 featured systemic therapy. In RTOG 0129, chemotherapy 

delivery was dictated by protocol. The standard fractionation arm prescribed 3 cycles of 

cisplatin at a dose of 100 mg/m2 every 21 days. The accelerated arm stipulated 2 doses. The 

mean cisplatin dose in the standard fractionation arm was 255.6 mg/m2 in patients <70 years 

and 244.1 mg/m2 in those ≥70 years (p = 0.45). In the accelerated arm, the cisplatin mean 

dose was 184.6 mg/m2 in patients <70 years and 162 mg/m2 in those ≥70 years (p = 0.31).

RTOG 0522 investigated the role of cetuximab in combination with cisplatin and accelerated 

radiation. Two doses of cisplatin 100 mg/m2 q 21d were prescribed in both arms. The 

control arm featuring cisplatin alone yielded a mean dose of 193.2 mg/m2 in patients 

<70 years and 171.9 mg/m2 in those ≥70 years (p = 0.009). The experimental arm which 

included cetuximab yielded a mean cisplatin dose of 186.6 mg/m2 in patients <70 years and 

173.4 mg/m2 in those ≥70 years (p = 0.9).

3.3. Toxicity

The most common toxicity recorded in the RT alone trial (RTOG 9003) was mucositis. 

The results were similar across age cohorts and treatment arms. Grade 3–5 mucositis was 

prevalent; the incidence was 31.8% in patients <70 years and 39.8% in patients >=70 

years in the standard fractionation and accelerated fractionation with split (SFX/AFX-S) 

arms (p = 0.16). In the hyperfractionation and accelerated fractionation with concomitant 
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boost (HFX/AFX-C) arms, patients <70 years experienced a 44.7% incidence of grade 3–5 

mucositis whereas those >=70 years had a 45% incidence (p = 1.0). Grade 3–5 ototoxicity 

was minimal in this trial. None of the acute and late toxicities differed by age groups.

In the combined modality trials (RTOG 0129 and RTOG 0522), both of which featured 

high dose cisplatin, acute systemic toxicities were observed more frequently in patients 

≥70 years. Although two versions of toxicity grading were used as noted, there was 

no substantial difference between the two studies. Anemia, thrombocytopenia, and 

nephrotoxicity were the most common toxicities. In RTOG 0129, there were no significant 

differences in grade 3–5 acute toxicities by age group overall within treatment arms. In 

RTOG 0522, the rate of grade 3–5 acute hemoglobin decrease was higher in patients ≥70 

years (13% vs. 4.8%; p = 0.02). The rate of grade 3–5 acute platelet decrease was higher in 

patients ≥70 years (7.4% vs. 1.7%; p = 0.02). The rate of grade 1–5 acute serum creatinine 

increase was higher in ≥70 years group (35.2% vs. 19.6%; p = 0.009).

Feeding tubes were present at baseline for all studies combined in 16.3% of patients <70 

years old versus 12.3% in patients ≥70 years (p = 0.07). There was no statistical difference 

in all studies combined for the presence of feeding tubes at 6, 12, and 24 months (p = 0.18, 

p = 0.59, p = 0.09, respectively). However, the presence of feeding tubes was consistently 

higher in patients ≥70 years old in trials that included systemic therapy (RTOG 0129, RTOG 

0522). For example, in RTOG 0129 patients >=70 years old had a 54.1% rate of feeding 

tubes at 6 months, compared to 38.7% in patients <70 years old (p = 0.08). In RTOG 0522, 

the 6-month rate was 58.8% for patients ≥70 years old vs. 38.0% in patients <70 (p = 0.02). 

Even though the presence of feeding tubes was consistently higher in patients ≥70 years old 

in both studies, no statistical significance was found at 24 months (Supplemental Table 1–4).

4. Discussion

Age matters. This analysis strikingly demonstrates age as an independent prognostic variable 

in LAHNC in 3 separate, major cooperative group trials, either in combined analysis or 

individually by trial. Age is not merely chronology; it is a compilation of physiologic 

and functional factors. Classic performance status as a discriminant of functionality is 

insufficient. The majority of the patients in this study had a PS of 0–1; only 6.8% of those 

≥70 years had a PS >1. Thus, chronologic age and classically defined performance status are 

inadequate guides for treatment decision-making in LAHNC.

Unlike this analysis of three large cooperative group trials, much of the pre-existing data 

have been based on retrospective evaluations of either single institution experiences or the 

SEER database. These analyses have no pre-specified eligibility criteria for treatment or 

consistently prescribed treatment plans.

Studies by Syrigos and Argiris have demonstrated that the concurrent chemotherapy and 

radiation regimens administered to HNC patients under age 70 can be effectively and 

safely given to those over 70 years of age [6,10]. Machtay and Pignon noted inferior 

outcomes for patients over 70 years of age treated with combined modality [11,12]. A 

recent (2017) retrospective review of 349 patients receiving concurrent chemotherapy and 
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radiation by Strom et al. noted reduced survival in patients ≥70 years. Even though they 

received less toxic chemotherapy compared to younger patients, the older adult cohort 

experienced increased rates of hospitalization and increased acute mortality [13]. Our 

analysis included three distinct, large cooperative group trials. These were prospectively 

randomized trials with clearly defined entry criteria and treatment plans. Ultimately, the 

uniformity of eligibility and treatment approaches provided a more objective means to 

evaluate the effect of age on outcome. These trials spanned a 20-year time-period. The 

nature of the radiation treatment modalities has evolved as noted below. However, the 

systemic treatment has remained relatively static. Thus, the changes and outcomes would 

likely be attributable to underlying cancer biology as well as physiologic differences that 

occur with age. It is safe to assume a relatively high incidence of HPV-related tumors was 

present in the oropharynx cancer patients in our analysis and that this incidence was likely 

higher in more recent studies. Unfortunately, testing regarding p16 status was only available 

for 48% of patients accrued to these trials. It has been noted by Chung et al. that p16 positive 

cancers have consistently better outcomes than p16 negative [14]. Yet in our analysis, older 

adult patients with p16 (+) tumors fared worse than younger patients. The attenuation of the 

survival advantage of HPV positivity in older adult patients has also been noted by Rettig et 

al. [9]

Factors often cited for lower survival of HNC patients ≥70 years of age include 

comorbidities, increased toxicity, and inadequate treatment delivery compounded by an 

inherent age bias by health care providers [10,15,16]. The relatively small number of 

patients ≥70 years in our trials reflect that bias. Yet outcomes with respect to treatment 

delivery and toxicity showed little difference by age. Treatment delivery in both age 

cohorts was comparable across trials. Toxicities occurred as expected, with slightly more 

thrombocytopenia, anemia, and nephrotoxicity in those patients 70 years of age and older 

who received concurrent chemotherapy with radiation [11]. Although different toxicity 

criteria were used in each trial, results from trial-specific analysis with sufficient sample 

sizes show similar acute and late toxicities between two age groups. This strongly suggests 

a major role for co-morbidity and other factors in the inferior outcome of older patients, 

divorced from the original cancer diagnosis and its therapy. Alternatively, intrinsic cancer 

biology may be more aggressive in older patients.

The incidence of feeding tubes long-term appeared higher in the older age group. This has 

been previously noted by Strom et al. in older adult patients receiving combined modality 

therapy [13]. This may speak to increased risk for aspiration, poor underlying nutritional 

status, weakened immune system, and higher risk of frailty. However, this relationship 

cannot really be evaluated further at this point in the context of these long-completed trials.

The factors elucidated in comprehensive geriatric assessment (CGA), which was not 

employed in these trials, might identify older adults at greater risk for cancer treatment 

toxicities [17–21].

The comprehensive geriatric assessment (CGA) covers multiple domains (medical, 

psychologic, functional) and is traditionally performed by a multidisciplinary team that 

includes a geriatrician, nurse, and social worker [22,23]. It may not be practical for use 
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in most cancer treatment trials. However, a briefer form, the GA, could be tested to learn 

if it can more effectively evaluate an older adult patient’s fitness for combined modality 

treatment and/or a clinical trial enrollment [23,24]. A recent publication from virtual 

ASCO2020 demonstrated the positive effect on outcomes when a geriatric assessment 

precedes treatment [25,26]. Similarly, in our analysis of these three (3) RTOG trials, 

more toxicities were observed in the combined modality trials as expected. Two separate 

predictive geriatric models for chemotherapy toxicity could be evaluated [27,28] in future 

trials to test their value in assessing the risks of combined modality treatment in HNC and 

potentially inform appropriate dose adjustments [16].

There are several limitations to this study in applying the findings to modern patients age 

≥ 70. These trials spanned over a period of 20 years, during which the radiation treatment 

techniques have evolved from 3-dimensional conformal radiotherapy (3DCRT) in RTOG 

9003 and RTOG 0129 to intensity-modulated radiotherapy (IMRT) in RTOG 0522. Since 

then, IMRT treatment plans continue to be refined with better software and reduced margins, 

leading to more protection of normal tissues. In addition, the accelerated fractionation 

regimens that were employed in several arms of these trials are not often used in the clinic, 

especially when given concurrently with chemotherapy. Most importantly, the percentage of 

older patients with HPV(+) oropharyngeal carcinoma is much larger now than when these 

trials were actively enrolling patients. These drawbacks make it difficult to extrapolate our 

findings to current older adult patients, raising the need for targeted modern trials in this 

patient population.

Ultimately, despite better assessments and predictive models, a clearer understanding of the 

role of chronologic age in head and neck cancer therapy will require clinical trials enriched 

for the older adult population to provide an adequate evidence base. To date, older adults 

have been consistently under-represented in prospective clinical trials that are agnostic to 

age. Trials specific to older individuals are sparse, particularly in HNC [27]. Although 

patients ≥65 years constitute 63% of all patients with cancer in the USA, only 25% of those 

enrolled in major cooperative group trials are 65 years of age or older. When 70 years of age 

is used as the cut-off, only 13% of those enrolled in oncologic trials are in this age group, 

although this age cohort constitutes 47% of the population at large with cancer [28]. This 

will present a particular clinical challenge as the number and age of patients with head and 

neck cancer in general and oropharyngeal cancer in particular increases over the coming 

years [4]. To address this issue, NRG Oncology has launched a randomized phase II-III 

trial (NCT03258554), in which LAHNC patients 70 years of age or older, as well as those 

deemed cisplatin-ineligible based on co-morbidities or other vulnerabilities, are randomized 

to either radiation plus cetuximab or radiation plus durvalumab, a checkpoint inhibitor 

that has shown activity in HNC [29,30]. Although this trial is open to all age groups, the 

elimination of cisplatin in the treatment regimen will likely facilitate the enrollment of older 

adult patients.

The Institute of Medicine (IOM) report, “Delivering High-Quality Cancer Care: Charting a 

New Course for a System in Crisis,” has highlighted the need to improve the evidence base 

in older adults with cancer. ASCO has established specific recommendations to address this 

problem [27]. Most notable are the recommendations to conduct clinical trials that are older 

Kish et al. Page 9

J Geriatr Oncol. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT03258554


adult-specific as well as strategies to increase the accrual of older adult cancer patients to 

existing trials to define the evidence base.

Our analysis clearly supports the need for older adult-specific prospective trials to establish 

the evidence base for optimal head and neck cancer treatment of older adult individuals.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Fig. 1A: overall survival for the three trials combined. Patients age ≥ 70 years have 

significantly worse survival relative to patients age < 70 (p < 0.001). Five-year survival 

estimates are 31.3% (95%CI 26.1 to 36.6) and 52.4% (95%CI 50.4 to 54.5) for the ≥70 (309 

patients, 270 deaths) and < 70 (2379 patients, 1341 deaths) groups, respectively. Fig. 1B: 

overall survival for RTOG 9003: Patients age ≥ 70 years have significantly worse survival 

relative to patients age < 70 (p < 0.001). Five-year survival estimates are 27.4% (95%CI 

21.3 to 33.5) and 33.4% (95%CI 30.2 to 36.5) for the ≥70 (207 patients, 199 deaths) and 

< 70 (869 patients, 759 deaths) groups, respectively. Fig. 1C: overall survival for RTOG 

0129: Patients age ≥ 70 years have significantly worse survival relative to patients age < 

70 (p < 0.001). Five-year survival estimates are 39.3% (95%CI 25.3 to 53.2) and 59.7% 

(95%CI 55.9 to 63.4) for the ≥70 (48 patients, 39 deaths) and < 70 (673 patients, 327 deaths) 

groups, respectively. Fig. 1D: overall survival for RTOG 0522: Patients age ≥ 70 years have 

significantly worse survival relative to patients age < 70 (p < 0.001). Five-year survival 

estimates are 36.7% (95%CI 21.4 to 52.0) and 67.4% (95%CI 64.0 to 70.8) for the ≥70 (54 

patients, 32 deaths) and < 70 (837 patients, 255 deaths) groups, respectively.
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Table 4

Causes of death by age.

Age < 70 Age ≥ 70 Total

(n = 2379) (n = 309) (n = 2688)

Due to this disease (local, regional, or distant) 734 (54.7%) 113 (41.9%) 847 (52.6%)

Due to second primary or other malignancy 128 (9.5%) 22 (8.1%) 150 (9.3%)

Due to protocol treatment 17 (1.3%) 6 (2.2%) 23 (1.4%)

Due to other cause 261 (19.5%) 94 (34.8%) 355 (22.0%)

Unknown 201 (15.0%) 35 (13.0%) 236 (14.6%)
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