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Objective: We aimed to compare the outcomes and safety of chemoradiotherapy (CRT) between elderly and non-elderly patients with head and neck squamous cell carcinoma (HNSCC). It is difficult to assess the causal effect of age because of possible differences in general conditions among individuals. Therefore, we adjusted the background factors of elderly and non-elderly patients using propensity score matching (PSM).

Methods: A total of 146 patients with HNSCC who received CRT were divided into an elderly (≥70 years, n = 35) and non-elderly group (<70 years, n = 111). Pre-treatment characteristics, including the performance status, Charlson comorbidity index, body mass index, primary site, and TNM stage were adjusted by PSM. We compared the outcomes and safety of CRT with high-dose single-agent cisplatin (CDDP) as well as outcomes following recurrence between the groups, before and after PSM.

Results: The total dose of CDDP administered during CRT was significantly lower in the elderly group before PSM. However, it became comparable to the non-elderly group and adverse events did not differ between the groups following PSM, resulting in a comparable CRT completion rate. Overall-, disease specific-, and progression-free survivals of elderly patients were comparable to those of non-elderly patients following PSM. In contrast, elderly patients with recurrence could receive fewer salvage treatments than their non-elderly counterparts, resulting in worse survival.

Conclusions: CRT with high-dose CDDP is safe and effective for the treatment of elderly patients with HNSCC. However, salvage treatments can be rarely conducted for elderly patients with a recurrence, considering a deterioration of their general condition.
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INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common malignancy, with 890,000 new cases and 450,000 deaths per year globally (1, 2). Considering the worldwide increase in life expectancy over the past few decades, the number of elderly patients with HNSCC has increased further. Over 25% of patients with HNSCC are older than 70 years (3, 4). Aging involves the loss of function of multiple organs and systems. Therefore, elderly patients cannot tolerate treatment stress (5). Hence, safety management in the treatment of elderly patients with HNSCC is a clinical issue.

The addition of concurrent high-dose, single-agent cisplatin (CDDP) to radiotherapy (RT) reportedly improves the treatment efficacy (6, 7). Moreover, the National Comprehensive Cancer Network recommends concurrent chemoradiotherapy (CRT) as an organ preservation therapy (8). However, considering the median age of patients in the aforementioned large clinical trials was as low as 56.8–60 years, there is insufficient knowledge about the outcomes and safety of concurrent CRT in elderly patients.

Elderly patients with HNSCC demonstrate greater hematological toxicity, weight loss, lung infection, and fewer chemotherapy courses than non-elderly patients (9–11). The difference in treatment outcomes of concurrent CRT for the elderly patients between reports was possibly because of a patient selection bias (9–12). Moreover, most studies have used multiple chemotherapy regimens rather than a single-agent, high-dose CDDP regimen (9–14). In this multicenter retrospective study, we aimed to compare the safety and treatment outcomes of concurrent CRT using high-dose, single-agent CDDP between elderly and non-elderly patients with HNSCC. To reduce the patient selection bias and to determine the causal effects of age, we performed propensity score matching (PSM), an assessment that adjusts the balance of patient characteristics between two groups (15–18). The outcomes and safety were compared before and after PSM. Moreover, we compared the outcomes following recurrence/metastasis between the groups.



MATERIALS AND METHODS

This multicenter retrospective study was approved by the Institutional Review Board of the Niigata University Medical and Dental Hospital (approval number: 2020-0133).


Patients

A flow diagram of the study participants is shown in Figure 1. The inclusion criteria were as follows: patients with histologically proven HNSCC of the oral cavity, nasopharynx, oropharynx, hypopharynx, and larynx treated with concurrent CRT using high-dose CDDP between January 2014 and December 2018 at the Niigata University Medical and Dental Hospital and Niigata Cancer Center Hospital. A total of 870 HNSCC patients were treated in our institutions. Of the 157 patients treated with concurrent CRT using high-dose CDDP, we excluded 11 patients who received neoadjuvant chemotherapy. A total of 146 patients were included in the study.
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FIGURE 1. Flow diagram of study participants. A total of 870 HNSCC patients were treated in our institutions. Of the 157 patients treated with concurrent CRT using high-dose CDDP, we excluded 11 patients who received neoadjuvant chemotherapy. A total of 146 patients were included in the study.


We evaluated the following patient characteristics as background factors: age, sex, Eastern Cooperative Oncology Group performance status (PS), comorbid disease, Charlson comorbidity index (CCI),19 body mass index (BMI) at baseline, primary tumor site, and TNM stage according to the Unio Internationalis Contra Cancrum 8th classification. The HPV status in oropharyngeal cancer was evaluated by immunohistochemical staining of the surrogate protein p16; however, it was not evaluated in eight patients.

To assess the effect of aging on safety and treatment outcomes of concurrent CRT, we classified the patients into the following two groups according to their age: elderly (≥70 years, n = 35) and non-elderly (<70 years, n = 111) (9, 12–14, 19). Furthermore, we compared the rate of recurrence/metastasis following initial concurrent CRT, salvage treatment, and survival after recurrence/metastasis between the groups.



Treatment Protocols

All patients were hospitalized and received three-dimensional conformal radiation therapy or intensity-modulated radiation therapy on 5 consecutive days per week, at a conventional fractionated daily dose of 2 Gy. The total prescribed radiotherapy dose was 70 Gy. The initial treatment included the primary lesion and whole neck lymph nodes. Following a dose of 40–50 Gy, the treatment was reduced to irradiate the primary lesion and metastatic nodes. All patients were confirmed to have sufficient bone marrow function and no renal dysfunction (estimated glomerular filtration rate ≥60 ml/min) before commencing the treatment. The chemotherapy regimen comprised CDDP (80 mg/m2) every 3 weeks, administrated according to the recommend dose for Japanese patients in a report by Matsuyama et al. (20). The CDDP dose was reduced to 60–80% upon observing grade 3–4 adverse events or renal dysfunction. Moreover, the safety of concurrent CRT was assessed using the following markers: the total dose of radiation completed, the total dose of cisplatin received, CRT completion rate, weight loss, the length of hospitalization after treatment, and adverse events according to the Common Terminology Criteria for Adverse Events (CTCAE) Ver. 5.0. We defined the CRT completion rate as the proportion of patients with planned RT completion and three chemotherapy courses during RT delivery, regardless of the CDDP dose. The full-dose CRT completion rate was defined similarly; however, it did not permit dose reduction (20). We assessed the weight loss by the difference in weight at the beginning of CRT and 8 weeks later.



Follow-Up

We assessed the initial treatment response using imaging tests, such as computed tomography (CT), magnetic resonance imaging (MRI), or positron emission tomography-CT (PET-CT), 8–12 weeks following the end of treatments. As follow-up examinations, CT, MRI, and PET-CT were scheduled every 3–6 months for the first 2–3 years and every 6–12 months thereafter, for a total of 5 years. We evaluated the treatment outcomes by the 2-year overall survival (OS), disease-specific survival (DSS), and progression-free survival (PFS). OS was defined as the time from the initiation of CRT to death from any cause. DSS was defined as the time from the initiation of CRT to death because of disease or toxicity. PFS was defined as the time from the initiation of CRT to either tumor progression or the first evidence for recurrence. In cases of recurrence, the patients underwent salvage treatment depending on their general condition. The treatment outcome for recurrent patients was evaluated using the 1-year OS and DSS.



Propensity Score Matching

We conducted PSM to avoid confounding differences between the elderly and the non-elderly groups (16–18). The propensity scores were estimated using a logistic regression model based on background factors that might impact the CRT outcomes (18). These factors were as follows: sex, PS, CCI, BMI, primary site, and TNM stage. We performed a one-to-one matched analysis using nearest-neighbor matching on the basis of the estimated propensity scores between the elderly and non-elderly groups. We matched on the logit of the propensity score using calipers of width equal to 0.2 of the standard deviation of the logit of the propensity score (21). A match occurred when a patient in the elderly group had an estimated score within 0.20 of the standard deviation in the non-elderly group. We compared the safety and treatment outcomes of concurrent CRT between the groups before and after PSM.



Statistical Analyses

We performed Fisher's exact test, independent t-test, and Mann-Whitney U test to compare the differences in patient characteristics and treatment safety between the two groups. Survival curves were generated using the Kaplan-Meier method. Moreover, we conducted the log-rank test to compare the differences in OS, DSS, and PFS. The statistical significance was set at p < 0.05. All statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). More precisely, it is a modified version of R commander, designed to add statistical functions frequently used in biostatistics (22).




RESULTS


Patient Characteristics

Table 1 summarizes the pre-treatment characteristics of all patients, before and after PSM. Of the 146 patients, 35 (24.0%) were classified to the elderly group. They had worse PS (p = 0.011), lower BMI (p = 0.014), less p16 positive oropharyngeal cancer (p = 0.005), and more hypopharyngeal cancer (p = 0.049). Following PSM, the elderly group (n = 30) did not reveal statistically significant differences in pre-treatment characteristics from the non-elderly group (n = 30) (Table 1).


Table 1. Pre-treatment characteristics of all patients before and after propensity score matching.
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Safety and Adverse Events

Table 2 summarizes the safety and adverse events associated with CRT, before and after PSM (CTCAE version 5.0). Before PSM, the elderly group received a significantly lower total dose of CDDP (p = 0.045). Moreover, they demonstrated a longer duration of hospitalization following treatment (p < 0.001) and more grade three events or higher hyponatremia (p = 0.038). Following PSM, there were no significant differences between the groups in the total dose of CDDP, CRT completion rate, and other markers for safety.


Table 2. Treatment tolerance and adverse events (CTCAE version 5.0).
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Treatment Outcomes

The median follow-up time was 31.5 months (range, 2–79 months) and 27.5 months (range, 5–74 months) before and after PSM, respectively. Figure 2 depicts the details of the OS, DSS, and PFS curves using the Kaplan-Meier method. Before PSM, the elderly group had worse 2-year OS and DSS than the non-elderly group (60.2% vs. 90.5%, p = 0.002 and 73.3% vs. 93.3%, p = 0.010, respectively), while there was no difference in the 2-year PFS between the elderly and non-elderly groups (68.6% vs. 76.0%, p = 0.391) (Figures 2A–C). Nine (25.7%) and 14 (12.6%) patients died of primary disease in the elderly and non-elderly group, respectively. In contrast, four (11.4%) and seven (6.3%) patients died of other diseases in the elderly and non-elderly group, respectively. Following PSM, there were no significant differences in 2-year OS (56.4% vs. 89.3%, p = 0.052), DSS (72.1% vs. 89.3%, p = 0.127), and PFS (66.7% vs. 69.1%, p = 0.940) between the elderly and non-elderly groups (Figures 2D–F).
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FIGURE 2. The overall survival (OS), disease-specific survival (DSS), and progression-free survival (PFS) according to the age, before and after propensity score matching (PSM). Before PSM, the OS (A) and DSS (B) are significantly worse in elderly patients than that in non-elderly patients (60.2% vs. 90.5%, p = 0.002 and 73.3% vs. 93.3%, p = 0.010, respectively), while there are no significant differences in PFS (C) (68.6% vs. 76.0%, p = 0.391). Following PSM, there are no significant differences in the OS (D), DSS (E), and PFS (F) between the patients (56.4% vs. 89.3%, p = 0.052, 72.1% vs. 89.3%, p = 0.127 and 66.7% vs. 69.1%, p = 0.940, respectively).




Recurrence/Metastasis Following Initial Chemoradiotherapy

Of the 146 patients who received CRT for advanced HNSCC, 44 developed recurrence/metastasis following the initial CRT: 11 elderly and 33 non-elderly patients. There were no differences in the occurrence of recurrence/metastasis between the groups (31.4% vs. 29.7%, p = 0.836). Moreover, there were no significant differences between the groups in relation to the pre-treatment characteristics of patients who developed recurrence/metastasis, both before and after PSM (Table 3). Table 4 summarizes the treatment safety and adverse events associated with CRT in patients with recurrence/metastasis. The elderly group experienced longer hospitalization before PSM (p = 0.018). However, there were no significant differences in the CRT completion rate, the length of hospitalization after treatment, adverse events, and other treatment safety between the two groups following PSM. Table 5 presents the recurrent site and salvage treatment administered to patients with recurrence. More patients in the elderly group were unable to receive salvage treatment than those in the non-elderly group, both before (p < 0.001) and after PSM (p = 0.02). This can be attributed to poor general conditions. All patients who could not receive salvage treatment in the elderly group revealed tumor progression or recurrence within 5 months following the initiation of CRT. They were considered unsuitable for salvage treatments because of their inability for oral intake and poor PS. Figure 3 depicts the details of the OS and DSS curves using the Kaplan-Meier method for patients with recurrence/metastasis following PSM. Elderly patients with recurrence/metastasis had worse 1-year OS and DSS than their non-elderly counterparts (22.2% vs. 91.7%, p < 0.001 and 22.2% vs. 91.7%, p < 0.001, respectively).


Table 3. Pre-treatment characteristics of patients who developed recurrence/metastasis.
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Table 4. Treatment tolerance and adverse events of patients had recurrence.
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Table 5. Recurrent site and salvage treatment of patients with recurrence.
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FIGURE 3. The overall survival (OS) and disease specific survival (DSS) of recurrent patients according to age following propensity score matching (PSM). (A) The 1-year OS rate in elderly patients (22.2%) is significantly worse than that in non-elderly patients (91.7%) (p < 0.001). (B) The 1-year rate of DSS in elderly patients (22.2%) is significantly worse than that in non-elderly patients (91.7%) (p < 0.001).





DISCUSSION

This is the first report on the safety and outcomes of concurrent CRT with high-dose CDDP for the treatment of elderly patients with HNSCC and non-elderly controls using PSM. Following PSM, which controlled for sex, PS, CCI, BMI, primary site, and TNM stage, background factors in the elderly group, including a total dose of CDDP, the duration of hospitalization following treatment, and hyponatremia became non-significant compared with those in the non-elderly group (Table 2). The CRT completion rate and treatment outcomes (OS, DSS, and PFS) (Figure 2) in elderly patients were comparable to those in non-elderly patients following PSM. In contrast, fewer elderly patients could receive salvage treatments for recurrent and metastatic diseases following initial CRT, despite PSM. This can be attributed to poor general conditions, which resulted in poorer treatment outcomes for recurrent diseases among elderly patients than their non-elderly counterparts (Figure 3).

We conducted PSM to adjust for background factors, including sex, PS, CCI, BMI, primary site, and TNM stage between the groups. PSM is now a widely accepted statistical approach that enables robust comparisons (15). Moreover, several studies have focused on the effects of aging using PSM to avoid confounding differences because of a variability in background factors between elderly and younger patients (16–18). There were statistically significant differences in the PS, BMI, and primary tumor site, including p16 positive oropharynx cancer before PSM, all of which were corrected following PSM (Table 1). PS and p16 positive oropharyngeal cancer were considered to influence the prognosis of patients with HNSCC (23, 24). An adjustment of the aforementioned factors helped us analyze the significance of aging on the treatment safety and outcomes of concurrent CRT. Following PSM, the total dose of CDDP, the duration of hospitalization following treatment, and hyponatremia, all of which demonstrated significant differences between the elderly and non-elderly patients, became non-significant.

Michal et al. reported that elderly patients could receive less cycles of chemotherapy and demonstrated greater incidence of neutropenia and unplanned hospitalization than younger patients who underwent CRT for locally advanced HNSCC (9). In contrast, Nguyen et al. reported that there were no significant differences in the treatment completion rate of CRT for locally advanced HNSCC between elderly and younger patients (12). These discrepant conclusions could be attributed to differences in background factors other than age, which in turn were controlled by PSM in the present study. Moreover, previous reports used a multi-agent chemotherapy regimen, which could also affect the safety of CRT. To address the aforementioned problems, we used a single regimen of high-dose CDDP (80 mg/m2) together with RT. For a high–dose CDDP regimen, 100 mg/m2 CDDP is considered as the standard dose for advanced HNSCC; however, the CRT completion rate with the 100 mg/m2 regimen was reportedly lower for Japanese patients than for those in Western countries (20). Matsuyama et al. demonstrated that CRT using triweekly 80 mg/m2 CDDP achieved favorable CRT completion rate and non-inferiority when compared with CRT using 100 mg/m2 in our previous phase I/II studies, suggesting that 80 mg/m2 CDDP is the standard for high-dose CDDP regimen in Japanese patients (20). As shown in Table 2, there were no significant differences in the treatment safety and CRT completion rate between the elderly and the non-elderly groups. Furthermore, there were no treatment-related deaths in the elderly group (Table 2). Our findings suggest that CRT using high-dose CDDP might be safe and well-tolerated in elderly patients with HNSCC and good general conditions.

In the present study, there were no significant differences in the 2-year OS, DSS, and PFS between the groups following PSM, despite worse OS and DSS in the elderly group before PSM (Figure 2). This result was because of an adjustment of background factors, such as sex, PS, CCI, BMI, primary site, and TNM stage by PSM. Controlling the above-mentioned factors by PSM resulted in an adjustment of differences in the total dose of administrable CDDP and adverse events, such as hyponatremia, which might have affected the treatment outcomes (Table 2).

In a meta-analysis of chemotherapy in head and neck cancer (MACH-NC), the effect of concomitant chemoradiotherapy was decreased with increasing age (19). While the MACH-NC included the largest prospective cohort analyzing CRT, elderly patients only comprised 7% of all patients. Furthermore, it included patients treated in the late 1960s. Treatment strategies and supportive care have advanced since the 1960s. Therefore, the application of the MACH-NC results to the present day may be inappropriate. Michal et al. (9) and Nguyen et al. (12) reported on comparable treatment outcomes of CRT between patients with HNSCC older than 70 years and younger controls in the past decade. Amini et al. (13) and Ward et al. (14) reported on improved OS with CRT, compared to RT only, in patients older than 70 years, based on the US National Cancer Database. In the present study, there were no significant differences in the treatment outcomes between elderly and non-elderly patients following PSM (Figure 1). Our findings suggest that elderly patients should not be considered unsuitable for CRT because of age alone and that CRT using high-dose CDDP may be one of a good treatment option for elderly patients with HNSCC with sufficient general conditions.

Eleven of the 35 elderly patients (31.4%) and 33 of the 111 (29.7%) non-elderly patients developed recurrence/metastasis, revealing no differences between the groups. Despite PSM, greater number of patients were unable to receive any type of salvage treatment for recurrence/metastasis because of poor general condition in the elderly group than those in the non-elderly group (60% vs. 8.3%, p = 0.02) (Table 5). Consequently, the 1-year OS and DSS of patients who developed recurrence/metastasis were significantly worse in the elderly group than in the non-elderly group, not only before but also after PSM (Figure 3). All elderly patients who were unable to receive salvage treatment reported early recurrence following CRT, and their general condition had not completely recovered. The aforementioned data suggest that the prognosis of elderly patients with recurrence/metastasis is poor due to the difficulty in implementing salvage treatments. No significant background factors could predict recurrence or metastasis (Table 3). This necessitates a progress of intensive supportive care to minimize the deterioration of general conditions by CRT (25–27) and less invasive salvage treatments, such as immune checkpoint inhibitors (28–31) to improve the prognosis of elderly patients with recurrence/metastasis.

Several limitations of this study should also be acknowledged. First, the CDDP dose of 80 mg/m2 in this study is different from the CDDP dose of 100 mg/m2 adopted in many Western institutes due to survival benefits in the Japanese population. Therefore, it may be difficult to generalize the results of this study for all elderly HNSCC patients, including those in Western countries. Second, a small sample size from two institutes is an obvious limitation. Especially, it was difficult to accumulate elderly patients with sufficient general conditions tolerable for concurrent CRT. While PSM minimized the selection bias, it also reduced the sample size. To resolve these issues, further prospective studies with a large number of patients are warranted.



CONCLUSION

After controlling for background factors using PSM, the safety and outcomes of concurrent CRT with high-dose CDDP for elderly patients with HNSCC were comparable to those for non-elderly patients, suggesting that healthy elderly patients should be treated with the aforementioned technique. However, salvage treatments could not be often conducted for recurrence/metastasis in the elderly group because of a deterioration of their general conditions.
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Technique of RT 3DCRT 92 (82.9%) 34.97.1%) 0.045 26 (86.7%) 29 (96.7%) 0353
IMRT 19(17.1%) 1(2.9%) 4(13.3%) 1(3.3%)
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CTCAE, Common Terminology Criteria for Adverse Events; RT, radiotherapy; CRT, chemoradiotherapy; 3DCRT, three-dimensional conformal rediation therapy; IMRT, intensity-modulated
radiation therapy; CDDP, cisplatin; SD, standard deviation; NA, not available. Bold: statistically significant.
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BMiI, body mass index; SD, standard deviation. Bold: statistically significant.
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(n = 146) (n=60)
Non-elderly Elderly p-value  Non-elderly Elderly p-value
<70 years >70 years <70 years >70 years
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Performance status 0 100 (90.1%) 25 (71.4%) 0011 24 (80.0%) 24(80.0%) 1
1 11(9.9%) 10 (28.6%) 6(20.0%) 6(20.0%)
Charison comorbidity index 0, 1 80 (72.1%) 23 (65.7%) 0525 17 (66.7%) 20(66.7%) 0596
>2 31(27.9%) 12 (34.3%) 13 (43.3%) 10 (33.3%)
BMiI (mean =+ SD) 22331 20831 0014 21126 21329 0851
Primary tumor site Oral cavity 1(0.9%) 0(0%) 0.016 0(0%) 0(0%) 0.852
Nasopharynx 15 (13.5%) 2(5.7%) 4(13.3%) 2(6.7%)
Oropharynx (p16+4) 26 (23.4%) 1(2.9%) 1(3.3%) 1(3.3%)
Oropharynx (p16-) 11(9.9%) 4(11.4%) 5(16.7%) 3(10.0%)
Oropharynx (p16 unknown) 4(3.6%) 4(11.4%) 1(3.3%) 3(10.0%)
Hypopharynx 41(36.9%) 20 (57.1%) 16 (53.3%) 17 (56.7%)
Larynx 13(11.7%) 4(11.4%) 3(10.0%) 4(13.3%)
Stage | 12 (10.8%) 1(2.9%) 0.48 1(3.3%) 1(3.3%) 0863
[ 24(21.6%) 8 (22.9%) 8(26.7%) 6(20.0%)
[ 32(28.8%) 9(25.7%) 6(20.0%) 8(26.7%)
v 43(38.7%) 17 (48.6%) 15 (50.0%) 15 (50.0%)

BMiI, body mass index; SD, standard deviation. Bold: statistically significant.
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(n=44) (n=22)
Non-elderly Elderly p-value  Non-elderly Elderly p-value
<70 years 270 years <70 years 270 years
(n=33) (n=11) (n=12) (n=10)
Technique of RT 3DCRT 29(87.9%) 11 (100%) 0558 11(91.7%) 10 (100%) 1
IMRT 4(12.1%) 0(0%) 1(8.3%) 0(0%)
Total dose of RT 69.7 16 60.1£19 0295 70000 69.0% 1.9 0083
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CRT completion rate 84.80% 54.50% 0.09 66.70% 50.00% 0666
Full-dose CRT completion 72.70% 45.50% 0.144 50.00% 40.00% 0691
rate
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Hospitalization after treatment 14 (4-37) 35 (3-69) 0018 9.0(5-35) 36.5(3-69) 0064
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Adverse events (2Grade 3)  Pharyngeal mucositis 12 (36.4%) 6 (54.5%) 0314 5(@1.7%) 5(50.0%) 1
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Death from treatment toxicity 0(0%) 0(0%) NA 0(0%) 0(0%) NA

RT, radlotherapy; CRT, chemoradiotherapy; 3DCRYT, three-dimensional conformal raciation therapy; IMIRT, intensity-modiulated radiation therapy; CDDR, cisplatin; D, standard deviation;
NA, not available. Bold: statistically significant.
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(n=44) (n=22)
Non-elderly Elderly p-value  Non-elderly Elderly p-value
<70 years >70 years <70years 270 years
(n=133) (n=11) =12 (n=10)

Recurrent site Locoregional recurrence 17 (61.5%) 11(100%) 0.003 8(66.7%) 10 (100%) 0.096
Distant metastasis only 16 (48.5%) 0(0%) 4(33.3%) 0(0%)

Salvage treatment Surgery 5(15.2%) 1(0.1%) 1 2(16.7%) 1(10.0%) 1
RT to metastatic site 5(15.2%) 1(0.1%) 1 3(25.0%) 1(10.0%) 0594
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general condition
No treatment due to refusal 2(6.1%) 1(0.1%) 1 1(8.3%) 0(0%) 1

RT, radiotherapy. Bold: statistically significant.
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