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Purpose/objective(s): To examine the therapeutic ratio and mortality profile over time in a radiotherapy
randomized trial in stage III-IV larynx/pharynx cancer with long-term follow-up.
Materials/methods: From 1988 to 1995, 331 cases were randomized to either hyperfractionated (HF)
(58 Gy/40 fractions, twice daily) or conventional (CF) (51 Gy/20 fractions, once daily) radiotherapy.
Overall survival (OS), locoregional (LRC), distant control (DC), �Grade 3 late toxicity (LT), and relative
mortality risk profile over time were compared between both arms.
Results: Median follow-up was 13.6 years. HF had a 10% improved OS at 5-years (40% vs 30%, p = 0.04),
but the benefit diminished to 3% at 10-years (21% vs 18%). A trend towards higher LRC with HF remained
(5-year: 49% vs 40%; 10-year: 49% vs 39%, p = 0.05). DC rates were unchanged (5-year: 87% vs 85%; 10-
year: 87 vs 84%, p = 0.56). LT rates were similar (HF vs CF: 5-year: 9% vs 12%; 10-year: 11% vs 14%,
p = 0.27). Multivariable analysis confirmed that HF reduced mortality risk by 31% [HR 0.69 (0.55–
0.88), p < 0.01] and locoregional failure risk by 35% [HR 0.65 (0.48–0.89), p < 0.01]. Index cancer mortality
(5-year: 46% vs 51%; 10-year: 49% vs 55%) was lower in the HF arm. Competing mortality (mostly
smoking-related) was also numerically lower with HF at 5-years (14% vs 19%) but became similar at
10-years (30% vs 28%).
Conclusions: This trial confirms that HF with augmented total dose has a durable 10% effect size on LRC
with comparable LT. OS benefit is evident at 5-years (10%) but relative mortality risk profile changes in
longer follow-up.
� 2020 Published by Elsevier B.V. on behalf of European Society for Radiotherapy and Oncology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The benefit of hyperfractionation (HF) radiotherapy (RT) as a
means of intensified treatment for locally advance head and neck
squamous cell carcinoma cancer (LAHNSCC) has been demon-
strated in the Meta-Analysis of Radiotherapy in Carcinomas of
Head and neck (MARCH) [1]. The rationale for HF is to reduce late
toxicity by the use of smaller fraction size and permitting adequate
time between fractions for sufficient repair of sub-lethal damage.
This strategy permits delivery of a higher total radiation dose to
enhance tumor control without a corresponding increase in late
toxicity [2,3]. Previous studies [4–6] suggested that accelerated
tumor clonogen repopulation occurred at 4 (±1 week) following
RT initiation, and additional dose (about 0.6 Gy per day) would
be needed to compensate for this. Therefore, theoretically, the
therapeutic gain from dose augmentation would be optimal if it
could be employed within 3–5 weeks. The benefits for accelerated
fractionation approaches have been demonstrated in several clini-
cal trials [7–9]. For RT acceleration, one needs to be mindful to
allow sufficient opportunity for normal tissue recovery [10]. Previ-
ous trials have shown that an unusually short inter-fraction inter-
val may result in unexpected normal tissue damage, such as spinal
cord injury (CHART [11]). Over-acceleration could result in signifi-
cant mucosal consequential damage due to overly intense dose
accumulation throughout the scheduled time-frame (e.g. CAIR
[12,13]; EORTC 22851 [14], BCCA 9113 [15]).
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Head and neck cancer (HNC) patients are at high risk of death
from competing risks, such as treatment-related sequelae (e.g.
aspiration pneumonia, cerebrovascular disease), smoking and/or
alcohol-related comorbidities, and second malignancies [16]. Thus,
the ability to demonstrate an overall survival advantage from a
specific treatment strategy in any one clinical trial in HNC is gen-
erally compromised by the unavoidable inclusion of patients who
are also susceptible to death from other competing causes beyond
their index cancer. Competing cause of death is increasingly rele-
vant in long-term HNC survivors since the profile of cause of death
may change over time and treatment efficacy may alter with long-
term follow-up. Composite end points, such as overall survival (OS)
and disease-free survival, may not distinguish the influence of
treatment versus confounding factors on survival. Long-term
follow-up of two RTOG trials [17,18] has shown a different result
after long-term follow-up compared to the initial report. This
may be relevant in HPV-mediated [HPV(+)] oropharyngeal carci-
noma (OPC) trials requiring long follow-up to examine non-
inferiority of deintensification strategies.

We conducted a randomized trial in stage III-IV larynx/pharynx
cancer between 1988 and 1995 testing the efficacy of dose intensi-
fication delivered prior to full onset accelerated clonogenic
proliferation (i.e. within 4 weeks) using HF compared to a conven-
tional fractionated (CF) RT regimen in use at the time at our centre
and delivered in the same overall treatment time. The trial demon-
strated a 10% survival benefit at 5-years with a 13% dose augmen-
tation (58 Gy vs 51 Gy) while retaining iso-effectiveness for late
toxicity [8] using smaller fraction sizes (1.45 Gy vs 2.55 Gy).
Whether this therapeutic gain would remain with long-term
follow-up is unknown. This updated report examines whether a
durable therapeutic gain remains in the longer term, and to what
degree the mortality profile might change with more than 10 years
follow-up.
Consent and Randomized (n=336) 

Assigned to HF (n=331) 
58 Gy/40f/4 weeks, 1.45 Gy/f, BID 

Assigned to CF (n=331) 
51 Gy/20f/4 weeks, 2.55 Gy/f, QD 

Total Eligible Pa�ents (n=629) 

Not Consent (n=239) 
� 196 pa�ent preference 
� 43 Physician’s decision 

Excluded: 
� 1 stage II disease 
� 2 previous cancer 
� 2 older than 75 years 

Fig. 1. CONSORT Diagram Abbreviation: HF: hyperfractionation radiotherapy; CF:
conventional radiotherapy; f: fraction; BID: twice-daily, 6 h apart; QD: once-daily.
2. Methods and materials

Following institutional Research Ethics Board approval, 331
patients with biopsy-proven stage III-IV laryngeal, oropharyngeal,
and hypopharyngeal squamous cell carcinoma provided consent
and were randomized to either HF arm (n = 169) (58 Gy in 40 frac-
tions, twice-daily, administered at least 6 hours apart, 10 fractions
per week) or conventional daily fraction (CF) arm (n = 162) (51 Gy
in 20 fractions, once-daily, 5 fractions per week) in use at the time
in our centre. The total dose of 58 Gy in the experimental arm was
chosen based on two pilot step-wise studies progressing from 56 to
58 Gy that demonstrated that this RT schedule was tolerable for
acute normal tissue effects, although heightened supportive care
compared to our usual practice at the time (e.g. feeding gastros-
tomy tubes and sustained and high doses of analgesics) was often
required for many patients. The tumor dose was prescribed with
the intent of administering 51 Gy in 20 equal fractions to the ICRU
target absorbed dose (TAD) point from ICRU report 29 [19] in an
overall time of 28 days. This equated to a prescription of 50 Gy
in 20 fractions prescribed at the 98% isodose line traditionally used
at the PMH. No chemotherapy was delivered to either arm. The
58 Gy in 40 fraction RT regimen was derived by estimating iso-
effectiveness for late responding normal tissues using an a/b ratio
of 7 compared to the standard fractionation of 50 Gy in 20 fractions
delivered in 4 weeks; these parameters were underpinned by clin-
ical studies of normal tissue toxicity available at the time the trial
was designed [20]. With obvious caveats regarding such assump-
tions, it seemed that late reacting normal tissue toxicity should
not increase and might be reduced if these tissues had a/b values
less than of 7 Gy and a therapeutic gain could be realized in tumors
with a/b values exceeding 7 Gy, which probably represented the
majority of HNC. The staging was based on the Union for Interna-
tional Cancer Control (UICC) / American Joint Committee for Cancer
(AJCC) 1987 TNM staging system. Patients had to be between age
19 and 75 years and fit enough for definitive RT. The detailed study
protocol was described previously [8] and summarized in Fig. 1.
3. Radiation treatment

All patients underwent clinical, endoscopic and computerized
tomography (CT) evaluation to assess primary tumor extent and
the presence of regional lymph nodes. The extent of disease was
documented by two clinicians in clinical research forms. RT was
given with conventional 2D techniques in use at the time. These
generally covered the primary tumor area and bilateral levels 2–
4 cervical lymph node regions [8]. Unilateral neck irradiation was
used for selected cases with small (T1-T2) well-lateralized tonsillar
lesions with limited gross lymph node diseases [21]. RT volumes
for primary tumor included the gross tumor volume (GTV) with
3 cm field coverage, which approximated a 1.5 cm margin for clin-
ical target volume (CTV) beyond the GTV according to contempo-
rary guidelines. Some cases used smaller field coverage when
intervening anatomic barrier protected the tumor pathway. All
patients underwent conventional 2-dimentional simulation and
were immobilized with vacuum formed masks; verification portal
films were taken to verify treatment position on day 1 prior to
commencement of RT.
3.1. Patient assessment and Follow-up

Patients were assessed at least weekly during treatment, at the
4th and 12th weeks after RT, at 3-monthly intervals for the first
2 years, 4-monthly in the 3rd year, 6 monthly up to 5 years, and
annually thereafter. Acute toxicity scores were documented
weekly during the RT course and at the 4th and 12th week follow-
ing RT. Late toxicity was recorded after 3 months following RT.
Acute and late toxicity scores were based on Radiation Therapy
Oncology Group (RTOG) and the European Organization for
Research and Treatment of Cancer (EORTC) toxicity scales [22].
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3.2. Cause of death attribution:

Patient vital status was confirmed with the provincial Cancer
Registry. Cause of death attribution was based on clinical trial
records and death certificates (from the Province of Ontario Cancer
Registry via internal linkage). Unknown cause of death within the
first 5 years was attributed to the index cancer; those evident
without recurrence more than 5 years following trial enrollment
were classified as died of other cause.

3.3. Statistical analysis

Outcomes were compared between HF and CF arms according
to intention-to-treat analysis. Outcome endpoints for this study
included overall survival (OS), loco-regional control (LRC), distant
control (DC), and Grade 3–4 late toxicity (LT). All ‘‘time-to-event”
analyses were calculated from the date of trial enrollment, except
LT which was calculated from the completion of RT. Actuarial rates
of OS were estimated using the Kaplan-Meier method with log-
rank test for comparison; LRC, DC, and LT rates were calculated
using the competing risk method [23] (death without relapse
was considered as a competing risk) with Gray’s test for statistical
significance. Multivariable analysis (MVA) with the Cox propor-
tional hazard method was used to calculate relative risk of death
Table 1
Baseline characteristics for study patients.

Characteristics Category

Age (median)
Gender Male

Female
Disease site Oropharynx

Larynx
Hypopharynx

ECOG performance status 0–1
2–3

T-category T1-3
T4

N-category N0-N1
N2-N3

Smoking pack-year <=10
>10

Smoking Status Current smoker
Ex-smoker
Non-smoker
Unknown

Local Failure Number
10-year rates

Regional Failure Number
10-year rates

Distant Failure Number
10-year rates

Second Primary Total Number
Site:
Lung
Head and Neck
Esophagus
Other

Late Toxicity Total Number
1st Toxicity:
Larynx (edema/paralysis)
Neck Fibrosis
Osteoradionecrosis
Esophageal stricture
Other

Deaths Number
Cause of death Index Cancer

Other Cancer
Other Cause
Unknown*

Abbreviation: HF: hyperfractionation; CF: conventional fractionation
* Unknown’ cause of death occurring within first 5 years was attributed to index canc

were classified as death of other causes.
between HF and CF arms adjusting for other confounders. Relative
mortality risk profile for index cancer mortality and non-index
cancer competing mortality (including second malignancy and
other causes) were calculated and compared between HF and CF
arms. All tests were two-tailed with a probability of < 0.05 consid-
ered statistically significance.

4. Results

The clinical characteristics were similar between HF (n = 169)
and CF (n = 162) arms (Table 1). Ninety-four percent (94%) of
patients in each arm were smokers. About 40% of patients in each
arm had OPC and 93% of the study population had more than 10
pack-year smoking history. HPV status was not tested due to
unavailability of tumor tissue specimens presently and lack of
awareness of HPV-mediated oropharyngeal cancer at the time of
the trial.

4.1. Tumor control

Median follow-up for surviving patients was 13.6 years. A
higher LRC (about 10% improvement) with HF was evident and
remained over the 15-year period [5-years: 49% (40–56) vs 40%
(32–47); 10-years: 49% (40–56) vs 39% (31–46); 15-years: 49%
HF Arm (n = 169) CF Arm (n = 162) P

60 (31–75) 60 (35–75) 0.92
141 (83%)
28 (17%)

130 (80%)
32 (20%)

0.45

69 (41%)
65 (38%)
35 (21%)

64 (40%)
67 (41%)
31 (19%)

0.86

144 (85%)
25 (15%)

137 (84%)
25 (15%)

0.73

115 (68%)
54 (32%)

106 (65%)
56 (35%) 0.74

98 (58%)
71 (42%)

99 (61%)
63 (39%)

0.80

12 (7%)
148 (93%)

11 (7%)
149 (93%)

0.83

122 (72%)
29 (17%)
9 (5%)
9 (5%)

126 (78%)
25 (15%)
9 (6%)
2 (1%)

0.84

69 (41%)
59% (51–66)

82 (51%)
49% (41–57)

0.09

52 (31%)
69% (61–75)

49 (30%)
70% (62–76)

0.90

22 (13%)
87% (81–91)

25 (15%)
84% (78–89)

0.56

45 (27%)
20 (44%)
11 (24%)
7 (16%)
7 (16%)

33 (20%)
15 (45%)
10 (30%)
2 (6%)
6 (18%)

0.17

19 (11%)
6
4
2
3
4

25 (15%)
3
7
2
6
7

0.26

149 (88%) 149 (92%) 0.25
85 (57%)
39 (26%)
18 (12%)
7 (5%)

91 (61%)
30 (20%)
17 (11%)
11 (7%)

0.44

er deaths while those occurring more than 5 years without evidence of recurrence
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(40–56) vs 39% (31–46), p = 0.05]. DC rates were similar and
remained unchanged (5-years: 87% vs 85%; 10-years: 87% vs
84%; 15-years: 87% vs 84%, p = 0.56). LT rates were not different
(3–4% non-significantly lower in HF) and also remained unchanged
over time (HF vs CF: 5-years: 9 vs 12%; 10-years: 11 vs 14%; 15-
years: 12 vs 16%, p = 0.27) (Fig. 2).

A total of 151 local failures (HF: 69; CF: 82), 101 regional fail-
ures (HF: 32; CF: 49), and 47 distant failures (HF: 22; CF: 25) were
identified. Salvage surgery was undertaken for 60/99 (61%) cases in
the HF and 54/87 (62%) cases in the CF with loco-regional failure
(p = 0.84). Grade 3–4 late toxicities were identified in 19/169
(11%) HF versus 25/162 (15%) CF cases.

MVA for LRC confirmed that HF reduced the risk of locoregional
failure (LRF) by 35% [Hazard Ratio (HR) 0.65 (0.48–0.89), p = 0.006]
after adjusting for age, performance status, disease site, T-category,
N-category, and smoking pack-years (Table 2).

4.2. Survival outcome and mortality profile

Compared to the CF arm, HF arm had a 10% 5-year improved OS
[40% (33–47) vs 30% (23–37)], but the benefit diminished to 3% at
 

Outcome Tx_Arm 5 years (CI) 10 y
OS CF Arm 30% (23-37) 18%

HF Arm 40% (33-47) 21%
LRC CF Arm 40% (32-47) 39%

HF Arm 49% (40-56) 49%
DC CF Arm 85% (79-90) 84%

HF Arm 87% (81-91) 87%
Late 
Toxicity 

CF Arm 12% (9-18) 14%
HF Arm 9% (6-15) 11%

Fig. 2. Oncologic Outcome over Time (A). Overall survival: absolute survival benefit ma
difference in locoregional control maximized at 5 years and maintained afterwards (p = 0
late toxicity: No significant difference despite higher total dose in HF arm (p = 0.27). Abbr
overall survival; LRC: locoregional control; DC: distant control. p-value in bold indicate
10-years [21% (15–28) vs 18% (12–24)] and 15-years [11% (7–17)
vs 8% (4–14)] (p = 0.04). At last follow-up, 149 deaths had occurred
in each arm, of which 105 HF and 115 CF deaths manifested within
the initial 5 years. Cause of death in this period was mainly from
the index cancer (78/105 vs 81/115). After 5-years, the mortality
profile evolved (HF vs CF: index cancer: 1 vs 5; other cancer: 23
vs 13; other causes: 18 vs 11, unknown: 6 vs 7). Fig. 3 depicts
the changing relative mortality profile over time between CF and
HF arms. The cumulative incidence of index cancer death was 5%
lower in the HF arm and the magnitude of difference remained
over time: 5-year: 46% (39–54) vs 51% (44–60); 10-year: 49%
(42–57) vs 55% (47–63); 15-year: 49% (42–58) vs 55% (48–64).
Death from competing causes (other cancers or other causes)
was also numerically lower in the HF arm at the initial 5-years
[14% (9–20) vs 19% (13–26)], but the difference diminished at
longer follow-up: 10-year: 30% (24–38) vs 28% (22–36); 15-year:
40% (33–48) vs 37% (30–45). Notably 62/69 (90%) deaths due to
second malignancies were potentially related to smoking (i.e. lung,
head and neck, esophagus, bladder) while 44/48 (92%) other causes
of death were also likely related to smoking: 28/44 died of cardio-
vascular diseases; 16/44 died of pulmonary diseases.
 
ears (CI) 15 years (CI) p-value 
 (12-24) 8% (4-14) 

 

 (15-28) 11% (7-17) 0.04 
 (31-46) 39% (31-46) 

 

 (40-56) 49% (40-56) 0.05 
 (78-89) 84% (78-89) 

 

 (81-91) 87 % (81-91) 0.56 
 (9-20) 16% (11-23) 

 

 (7-17) 12% (8-18) 0.27 

ximized at 5–6 years, but reduced after 9–10 years; (B). Locoregional control: the
.05); (C). No significant difference between HF and CF arm (p = 0.56); (D). Grade 3–4
eviation: Tx: treatment; HF: hyperfractionation; CF: conventional fractionation; OS:
s statistical significance.



Table 2
Multivariable analysis for overall survival and loco-regional control.

Outcomes Variable Reference Hazard Ratio (95% Confidence Interval) p-value

Overall Survival HF CF 0.69 (0.55–0.88) 0.003
Age >60 years <=60 1.36 (1.06–1.73) 0.014
Male Female 1.22 (0.88–1.67) 0.228
ECOG PS 1
ECOG PS 2
ECOG PS 3

ECOG PS 0 0.98 (0.74–1.30)
1.24 (0.84–1.84)
1.90 (0.97–3.72)

0.193

Larynx
Oropharynx

Hypopharynx 0.55 (0.39–0.78)
0.79 (0.56–1.10)

0.002

T2
T3
T4

T1 2.78 (1.48–5.22)
2.68 (1.42–5.03)
4.03 (2.11–7.72)

0.002

N1
N2
N3

N0 1.47 (1.03–2.09)
1.60 (1.18–2.18)
4.08 (2.25–7.40)

<0.001

Smoking pack-years >10 <=10 2.75 (1.55–4.91) <0.001
Loco-regional Failure HF CF 0.65 (0.48–0.89) 0.006

Age (5-year increment) 1.01 (0.99–1.02) 0.560
Male Female 1.66 (1.08–2.55) 0.020
ECOG PS 1
ECOG PS 2
ECOG PS 3

ECOG PS 0 1.29 (0.91–1.83)
1.55 (0.97–2.48)
1.47 (0.67–3.20)

0.230

Larynx
Oropharynx

Hypopharynx 0.57 (0.36-,0.88)
0.72 (0.48–1.09)

0.043

T2
T3
T4

T1 1.98 (0.80–4.90)
2.65 (1.09–6.48)
3.08 (1.21–7.84)

0.068

N1
N2
N3

N0 1.49 (0.94–2.38)
1.80 (1.23–2.62)
3.87 (2.19–6.83)

<0.001

Smoking pack-years >10 <=10 2.24 (1.0–5.0) 0.049

Abbreviation: HF: hyperfractionation; CF: conventional fractionation. p-value in bold indicates statistical significance.
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MVA for OS confirmed that HF reduced the risk of death by 31%
[HR 0.69 (0.55–0.88), p = 0.003] after adjusting for age (di-
chotomized at age 60 years), performance status, disease site, T-
and N-category, and smoking pack-years, all of which predicted
for survival, with the exception of performance status (likely
related to the prominent and confounding influence of age in the
model) (Table 2).
5. Discussion

During the 19800s and 19900s, no international consensus
existed about what should be a ‘‘standard” radiotherapy schedule
for HNC [24]. HNC was one of the most active disease sites to
explore the interaction between tumor and normal tissue in rela-
tion to various radiotherapy dose/fractionation regimens, as sum-
marized in the MARCH meta-analysis [1] that included the
present trial. Notwithstanding the improved outcome with the
HF arm of this study, the current message from the study is not
intended to influence practice with a specific RT protocol. Instead
this randomized trial is illustrative by remaining the only pure
clinical test of the hypotheses of the effects of increased total dose
using smaller than conventional doses per fraction that is not also
confounded by the influence of accelerated proliferation, since the
schedule is completed within 4 weeks, but without excessive dose
accumulation that may result in consequential injury with delayed
healing of acute toxicity [13–15].

The long-term outcome analysis of this RCT has confirmed the
therapeutic gain with hyper-fractionation radiotherapy: a 13%
higher RT dose delivered with smaller fraction size over the same
treatment time to permit acute mucosal healing (4 weeks) results
in durable improvement in LRFwithout increasing late toxicity com-
pared to conventional RT. The improvement in LRF also translated
into a survival benefit (10% at 5-years) but the magnitude of the sur-
vival benefit with HF is reduced to 3% at 10-years and 15-years.
This is not surprising given the uniform influence of other co-
morbidities and adverse risk factors for long-term survival such as
smoking and alcohol use between the two study arms.

Detailed analysis of mortality profile shows that the leading
cause of death at the initial 5 years for HNC patient is index cancer
death. However, the relative mortality risk profile between both
arms continues to evolve. Competing mortality related to smoking
and toxicity seems to gradually trump the survival effect in longer
follow-up which is consistent with other reports [25,26]. Shen et al
analysed 23,494 HNC patients, where there were 8,454 deaths, but
34.5% of which were due to causes other than index cancer [27].
The same authors estimated cumulative incident functions for
cancer-specific mortality and competing mortality in HNC patients
and constructed competing risk nomograms. This emphasizes the
need for accurate attribution of cause of death to be applied
prospectively and consistently over the time-frame of trials for
these patients to take account of cancer-specific death. It may be
especially relevant to clinical trials, such as HPV-positive non-
inferiority deintensification trials which require long-term
follow-up, since more than 50% of these patients remain smokers.
A recent report suggests a higher non-cancer mortality in patients
with HPV-positive tumours with smoking and alcohol use com-
pared to those without such use [28]; these patients also have
non-cancer related mortality causes similar to HPV-negative cases.

The benefit of hyperfractionation for LAHNSCC is an example of
adapting therapeutic gains based on radiobiological principles [29].
Late responding normal tissues have lower a/b values (typically� 3)
compared to HNC [30], and are consequently more fraction size
dependent. Therefore, smaller dose fractions should reduce late tox-
icity to allow higher total RT doses without increasing late toxicity.
Several HF schedules have been tested in the clinical trial setting
[14,26,31–33]. The present trial schedule, a hyperfractionated accel-
erated RT schedule with augmented RT dose, is based on Withers
et al’s [4] initial observation that head and neck tumor clonogen
repopulation accelerates at 4 (±1) weeks after the start of RT, and



Outcome Tx_Arm 5 years (CI) 10 years (CI) 15 years (CI) 
Index Cancer Mortality CF Arm 51% (44-60) 55% (47-63) 55% (48-64) 

HF Arm 46% (39-54) 49% (42-57) 49% (42-58) 
Compe�ng Mortality CF Arm 19% (13-26) 28% (22-36) 37% (30-45) 

HF Arm 14% (9-20) 30% (24-38) 40% (33-48) 

Fig. 3. Evolution of Relative Mortality Profile over Time Note: 90% (62/69) of other cancer deaths were smoking-related Potential for misclassification of 2nd malignancy vs.
lung metastasis in the era of the study 92% (44/48) of other cause of death were: ‘‘vascular/cardiac” (n = 28) ‘‘pulmonary” (n = 16)* * Potentially related to either smoking or
treatment toxicity such as silent aspiration ‘Unknown’ cause of death occurrence within first 5 years was attributed to index cancer deaths while those occurring after more
than 5 years without evidence of recurrence were classified as deaths from other cause. Abbreviation: Tx: treatment; HF: hyperfractionation; CF: conventional fractionation;
OS: overall survival; LRC: locoregional control; DC: distant control.
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the benefit of RT dose augmentation is theoretically maximized if it
can be delivered safely within the framework of the 4-week sched-
ule. The durable benefit of HF (about 10%) on LRC with comparable
late toxicity has been confirmed in this long-term follow-up report.
This trial provides compelling clinical evidence of therapeutic gain
from hyperfractionated accelerated schedules within the parameters
of respecting principles of safe total dose administration, avoidance
of unusually short inter-fraction intervals, and minimizing excessive
acceleration that can especially injury acutely responding mucosal
tissues.

Cure of head and neck cancer is challenged by susceptibility to
competing mortality risk since long-term survivors remain vulner-
able to smoking-related second primary malignancies and comor-
bidities, as well as treatment-related toxicities (e.g. aspiration
pneumonia, carotid stenosis) [16,25–28,34–37]. Toxicity related
mortality is often difficult to differentiate from mortality related
to smoking and challenging to capture and categorize reliably. In
this study, we used multiple sources (prospectively completed
clinical trial forms, clinical charts, and death certification) to deter-
mine the cause of death, but there remain 18 cases (5%) with unde-
termined mortality cause. For ‘‘cause of mortality” ascertained
cases, misclassification is still possible during the study period
with the interplay of disease recurrence, emergence of second pri-
maries, treatment related toxicity, and other intercurrent diseases
relevant to such patients. Bellera et al [38] recommended classify-
ing cause of death into 5 categories in clinical trials according to:
a). primary cancer/to progression, b). second cancer, c). protocol
treatment, d). other cause, and e). unknown cause of death. The
most reliable determination of cause of death is obviously through
autopsy, which is not feasible to undertake for all study patients.
One study of 53 autopsies of HNSCC patients reported misdiagnosis
or underdiagnoses of 34% LRF and 36% distant metastases [39]. This
highlights the importance of compiling cause of death prospec-
tively and attributed accurately over the time-frame. If consent
can be sought, autopsy could provide additional and more accurate
cause of death attribution [40]. Better methods to reflect burden of
toxicity, such as the TAME method [41,42], would also be informa-
tive. This is especially important for clinical trials requiring long-
term follow up, such as non-inferiority trials for HPV + OPC, which
generally require more than 10 years follow up.
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One of the limitations of this study is the inability to ascertain
tumor HPV status for the OPC patients (40% of entire cohort)
enrolled in this trial. Therefore, we are not able to further analyze
whether there is imbalance in HPV-related cancer between two
arms. However, smoking pack-year data seems balanced between
both arms and the majority (93%) patients were heavy smokers.
As well, this trial accrued patients from 1988 to 1995 before the
dramatically increased incidence of HPV + OPC which now
amounts to 4.62 per 100,000 persons in the U.S. and represents
the sixth most common incident non-cutaneous cancer in white
males <65 years [43]. The chance of HPV status confounding the
oncologic outcomes in this trial is therefore low. However, it is
conceivable that the mortality profile of HPV-related LAHNSCC
might be different from smoking-related LAHNSCC due to differ-
ences in risk factors and lifestyle. In fact, recent studies [28] shows
that minimal smoking HPV + OPC had a lower competing mortality
compared to those with a heavy smoking history. The latter also
had non-cancer related mortality causes similar to HPV-negative
cases [28]. Therefore, we strongly advocate smoking cessation as
a component of the holistic care of head and neck cancer patients
to both minimize long term smoking related co-morbidity and
mortality as well as to potentially reduce the impact of smoking
during radiotherapy which has been prospectively demonstrated
to meaningfully influence hypoxia and disease control [44,45].
Another important element to be considered in the changing pro-
file of HNC concerns increasing age in our populations, which was
significant for survival in MVA as has been shown by others [27].

6. Conclusions

This RCT, which has one of the longest follow-up assessment
periods in MARCH, confirms that HF with higher dose has a 10%
effect size in LRC and OS at 5-years with comparable late toxicity,
but non-index cancer death or smoking morbidity eventually
trump the survival effect in longer follow-up. Accurate attribution
of cause of death should be applied prospectively and consistently
over the time-frame of RCTs to take account of cancer specific
death. It may be especially relevant to RCTs requiring long-term
follow-up in the current milieu of changing HNC demographics
including HPV + disease where more than 50% remain smokers
and are still vulnerable to smoking or toxicity-related mortality;
similarly elderly patients have commenced to comprise a greater
proportion of the incident population with HNC and are particu-
larly vulnerable to competing mortality risk from current treat-
ment approaches due to late toxicities or comorbidities. Analysis
of long-term survival in the proportion of the HPV cancer popula-
tion not exposed to other risk factors will have to take into account
the potential for increased detrimental survival effects related to
the treatment delivered.
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