
Abstract. Background/Aim: Some patients with unresectable
or incompletely resected head-and-neck cancer (SCCHN)
cannot tolerate radiochemotherapy. Alternatives are needed
that are more effective than conventional radiotherapy alone.
Patients and Methods: This retrospective study investigated
patients irradiated for non-metastatic stage IV SCCHN who
could not receive concurrent chemotherapy. Eight patients
received accelerated radiotherapy with concomitant boost
(group A) and 31 patients conventionally fractionated
radiotherapy (group B). Groups were matched for tumor site,
gender, age, performance score and histologic grade. Results:
Two-year PFS-rates were 63% in group A vs. 41% in group
B, and median PFS-times were 36 vs. 10 months (p=0.48).
Two-year OS-rates were 88% vs. 37%, and median OS-times
were 44 vs. 14 months (p=0.19). Grade ≥2 radiation
dermatitis was significantly (p=0.040) more common in group
B; other toxicities were similar. Conclusion: Accelerated
fractionation with concomitant boost appeared superior to
conventional fractionation and can be considered for patients
with stage IV SCCHN not suitable for radiochemotherapy.
Larger studies are needed to confirm these findings.

In 2018, head-and-neck cancers were amongst the ten most
common primary tumor types worldwide and was estimated
to account for approximately 450,000 deaths (1, 2). Many
patients with locally advanced squamous cell carcinoma of

the head-and-neck (SCCHN) have poor prognoses,
particularly if surgical resection of the primary tumor and
the loco-regional lymph nodes was not possible or
incomplete (3, 4). Several randomized trials and a meta-
analysis demonstrated significantly better outcomes after
definitive radio-chemotherapy for SCCHN when compared
to radiotherapy alone (5-7). Patients receiving only an
incomplete resection also benefited from concurrent
chemotherapy (5). However, since the addition of
chemotherapy increases acute toxicity, a considerable
number of patients with SCCHN cannot receive it (8, 9).
For these patients, altered fractionated radiotherapy with a
reduced overall treatment time can be a reasonable
alternative. According to a meta-analysis of 15 trials of
patients with SCCHN, altered fractionation regimens
resulted in significantly improved loco-regional control and
overall survival (OS) when compared to conventional
fractionation (5×2.0 Gy per week) (10). One type of altered
fractionation is accelerated radiotherapy with concomitant
boost. In 2000, a randomized trial showed that accelerated
radiotherapy with concomitant boost resulted in better
outcomes than conventional fractionation (11). Long-term
results of this trial were published in 2014 (12). Although
not statistically significant, 5-year reduction in cumulative
loco-regional failure was still remarkable for accelerated
radiotherapy with concomitant boost (absolute benefit of
6.6%) compared to conventional fractionation. In the initial
publication of Fu et al., accelerated fractionation with
concomitant boost (72 Gy in 42 fractions over 6 weeks)
resulted in higher late toxicity than conventional
fractionation (11). In 2001, an alternative concomitant boost
regimen (69.9 Gy in 39 fractions over 5.5 weeks) was
reported from Germany but not compared to conventional
fractionation (13, 14). Therefore, the present study was
performed to compare accelerated radiotherapy with
concomitant boost to conventional fractionation for non-
metastatic stage IV SCCHN in patients unable to receive
chemotherapy. 
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Patients and Methods

This retrospective study compared two dose-fractionation regimens
of radiotherapy for non-metastatic stage IV SCCHN. The 7th edition
of the staging manual of American Joint Committee on Cancer
(AJCC) was used, because the human papilloma virus (HPV)-status
was not available for most patients included in the study but is
required for the classification of oropharynx cancer when using the
8th edition (15, 16). The study was approved by the local Ethics
Committee (University of Lübeck, 20-454). Eight selected patients
received accelerated radiotherapy with concomitant boost (group A)
between 2011 and 2019, and 31 patients were treated with
conventionally fractionated radiotherapy (control group B) between
2000 and 2014. Both groups were matched for tumor site
(oropharynx vs. hypopharynx or larynx), gender (female vs. male),
age (≤60 vs. >60 years), Karnofsky performance score (60-70 vs.
80-100) and histologic grade (grade 1-2 vs. 3). The distributions of
the characteristics used for matching are summarized in Table I.
Fifteen patients received definitive radiotherapy (7 in group A and
8 in group B, respectively), and 24 patients (1 in group A and 23 in
group B, respectively) adjuvant radiotherapy following incomplete
resection of SCCHN. Two patients of group A had received
induction chemotherapy with docetaxel. No patient included in this
study was considered suitable for concurrent chemotherapy in
addition to radiotherapy. 

In both groups, radiotherapy was performed on five consecutive
days per week (Monday to Friday). In group A, radiotherapy was
initially administered to the primary tumor region and loco-regional
lymph nodes (high, intermediate and low risk areas) with 2.0 Gy
per fraction up to 30.0 Gy (3 weeks). Afterwards, the same
treatment volumes received 1.8 Gy per fraction in the morning for
12 days (cumulative dose=51.6 Gy). After an interval of at least 6
h, 1.5 Gy per fraction was given on the same day to the primary
tumor region and high/intermediate risk lymph node areas for 6
days (first concomitant boost, cumulative dose=60.6 Gy), and to the
primary tumor region and high-risk lymph node areas for another 6
days (second concomitant boost, cumulative dose=69.6 Gy). The
overall treatment time in group A was 5.5 weeks (13, 14). 

Patients of group B received 2.0 Gy per fraction up to 50.0 Gy
(5 weeks) to the primary tumor region and the loco-regional lymph
nodes (including high, intermediate and low risk areas), followed
by a boost of 10 Gy (5×2.0 Gy, 1 week) to the primary tumor region
and high/intermediate risk lymph node areas (cumulative dose=60.0
Gy). A second boost of 6 or 10 Gy (5×2.0 Gy, 3 days or 1 week)
was given to the primary tumor region and the high-risk lymph node
areas (cumulative dose=66.0-70.0 Gy), resulting in an overall
treatment time of 6.5 to 7 weeks. 

Both groups were compared with respect to progression-free
survival (PFS), which was defined as lack of both loco-regional
recurrence and distant metastasis, and overall survival (OS). Both
endpoints were referenced from the last day of radiotherapy.
Calculations of PFS and OS were performed using the Kaplan-Meier
method and the Wilcoxon test. In addition, both groups were
compared for acute (oral mucositis, radiation dermatitis) and late
(cervical/submental lymph edema, xerostomia) toxicities. These
comparisons were performed with the Fisher’s exact test. The
comparisons with respect to the distribution of the characteristics used
for matching were also performed with the Fisher’s exact test. For all
statistical tests used in this study, p-values <0.05 were considered
significant and p-values <0.20 were considered showing a trend.  

Results

Median follow-up times were 13 months (range=2-57
months) in the entire cohort, 21.5 months (7-50 months) in
group A and 13 months (range=2-57 months) in group B.
When considering only patients who were alive at the last
contact, the median follow-up times were 18 months
(range=6-51 months), 12 months (10-30 months) and 24
months (range=6-51 months), respectively.

The PFS-rates at 1 year, 2 years and 3 years following
radiotherapy were 63%, 63% and 42%, respectively, in
group A, and 46%, 41% and 41%, respectively, in group B
(p=0.48, Table II). Median PFS-times were 36 months in
group A and 10 months in group B. In group A,
progression of disease during the follow-up after
radiotherapy occurred in five patients. First site of failure
was loco-regional recurrence in four patients and distant
metastasis in one patient. In group B, 18 patients
experienced progression of their disease during the period
of follow-up. First site of failure was loco-regional
recurrence in nine patients, distant metastasis in eight
patients and both (concurrent loco-regional recurrence plus
distant metastasis) in one patient.

Death was recorded for four patients of group A and 18
patients of group B. The OS-rates at 1 year, 2 years and 3
years following radiotherapy were 88%, 88% and 88%,
respectively, in group A compared to 69%, 37% and 37%,
respectively, in group B (p=0.19, Table II). The median OS-
times were 44 months in group A and 14 months in group B. 
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Table I. Comparison of the treatment groups A (accelerated
fractionation with concomitant boost) and B (conventional
fractionation) with respect to patient characteristics used for matching
of the groups. The p-values were obtained from the Fisher’s exact test.

Characteristic                             Group A           Group B          p-Value
                                                     No. of               No. of 
                                                patients (%)      patients (%)

Main site of cancer
  Oropharynx                              3 (37.5)            14 (45)             >0.99
  Hypopharynx or larynx            5 (62.5)            17 (55)
Gender
  Female                                      2 (25)                 8 (26)             >0.99
  Male                                          6 (75)               23 (74)
Age at radiotherapy
  ≤60 Years                                  2 (25)               10 (32)             >0.99
  >60 Years                                  6 (75)               21 (68)
Performance score
  KPS 60-70                                4 (50)               18 (58)               0.71
  KPS 80-100                              4 (50)               13 (42)
Histologic grade
  Grade 1-2                                  6 (75)               20 (65)               0.69
  Grade 3                                     2 (25)                11 (35)

KPS: Karnofsky performance score.



When comparing both groups for grade ≥2 toxicities,
radiation dermatitis was significantly (p=0.040) more
common in group B (Table III). The frequencies of the other
investigated toxicities were not significantly different. In
group A, all patients received the cumulative dose of 69.6
Gy as planned. In group B, two patients could not receive
the second boost due to acute radiation-related toxicity, and
the cumulative dose in these patients was 60.0 Gy. 

Discussion

Since outcome of patients with locally advanced SCCHN
require improvement, many preclinical and clinical studies
have been conducted during recent years (17-22). The
prognoses of patients with SCCHN are particularly poor, if
unresectable or incompletely resected. Many of these patients
receive platin-based radiochemotherapy. In a randomized trial
of 100 patients with stage III or IV SCCHN, treatment was 66-
72 Gy (doses per fraction=1.8-2.0 Gy) of radiotherapy alone
or the same regimen plus concurrent chemotherapy with
cisplatin and 5-fluorouracil (5-FU) (5). Salvage surgery was
planned for persistent loco-regional or recurrent disease. Five-
year loco-regional control rates were 51% and 62%,
respectively (p=0.04), but 5-year OS rates were not
significantly different. In another randomized trial of 226
patients with stage III or IV oropharynx cancer, patients
received conventionally fractionated radiotherapy with 70 Gy
in 35 fractions alone or 70 Gy/35 fractions plus concurrent
carboplatin/5-FU (6). The addition of chemotherapy resulted
in significantly improved disease-free survival (p=0.01) and
loco-regional control (p=0.002) and almost significantly
improved OS (p=0.05) at 5 years without significantly
increasing toxicity. In another randomized trial of patients with
locally advanced larynx cancer, concurrent radiochemotherapy
resulted in a significantly higher rate of larynx preservation
(23). A meta-analysis of 93 randomized trials demonstrated a

significant benefit in 5-year survival for concurrent
radiochemotherapy when compared to radiotherapy alone (7).
An additional analysis of 87 randomized trials showed such a
benefit for different tumor sites including oral cavity,
oropharynx, hypopharynx and larynx (24). Moreover,
concurrent chemotherapy (cisplatin) when added to
radiotherapy led to improved loco-regional control and disease-
free survival after incomplete resection of SCCHN (4, 8, 25).
Chemotherapy increased the rates of grade ≥3 acute toxicities.
In the trial of Bernier et al., these rates were 41% with vs. 21%
without concurrent chemotherapy (p<0.001), and in the trial of
Cooper et al. 77% (including 1.8% treatment-related deaths)
vs. 34% (p<0.001) (8, 9). Thus, a considerable number of
patients cannot tolerate the addition of chemotherapy. 

For these patients, alternative strategies are required that
result in more favorable outcomes than conventionally
fractionated radiotherapy alone. Such options include
unconventional fractionation of radiotherapy. In 2000, a
randomized trial demonstrated that hyperfractionation (2×1.2
Gy per day up to 81.6 Gy/68 fractions) and accelerated
fractionation with concomitant boost (72 Gy in 42 fractions
over 6 weeks) were superior to conventional fractionation (70
Gy in 35 fractions) with respect to loco-regional control and
disease-free survival but not OS (11). In 2006, a meta-analysis
found similar results with respect to loco-regional control (10).
Moreover, a survival benefit was observed, which was more
prominent after hyperfractionation than after accelerated
fractionation with concomitant boost (8% vs. 2% absolute
benefit at 5 years). However, the authors stated that this
difference should be interpreted with caution, since the patient
characteristics were different in the two groups (10). An
advantage of the concomitant boost regimen is the lower
number of fractions, particularly for institutions with a high
patient load and or limited capacity at the linear accelerators.
After publication of the trial of Fu et al. (11), other
concomitant boost concepts have also been developed (13, 14,
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Table II. Comparison of the treatment groups A (accelerated
fractionation with a concomitant boost) and B (standard fractionation)
with respect to treatment outcomes in terms of progression-free survival
and overall survival. The p-values were obtained from the Wilcoxon test.

Outcome                                          Group A        Group B       p-Value
                                                             (%)                 (%)

Progression-free survival
  At 1 Year                                            63                   46               0.48
  At 2 Years                                          63                   41
  At 3 Years                                          42                   41                   
Overall survival
  At 1 Year                                            88                   69               0.19
  At 2 Years                                          88                   37
  At 3 Years                                          88                   37

Table III. Comparison of the treatment groups A (accelerated
fractionation with a concomitant boost) and B (standard fractionation)
with respect to grade ≥2 toxicities. The p-values were obtained from the
Fisher’s exact test.

Toxicity                                            Group A         Group B        p-Value
                                                           No. of             No. of 
                                                      patients (%)    patients (%)

Grade ≥2 oral mucositis                   8 (100)           27 (87)           0.56
Grade ≥2 radiation dermatitis          4 (50)             27 (87)           0.040
Grade ≥2 lymph edema                    2 (25)               8 (26)         >0.99
Grade ≥2 xerostomia                        4 (50)             13 (42)           0.71

Statistically significant p-values are shown in bold.



26-28). In Germany, Staar et al. introduced the regimen, which
was also used in the present study (13). According to the
results of our study, accelerated fractionation with concomitant
boost showed a trend for improved OS and was associated
with non-significantly better PFS compared to conventional
fractionation without significantly increasing acute and late
toxicity. Although statistical significance was not achieved for
PFS and OS, the median times were considerably different,
i.e. 30 vs. 10 months for PFS and 44 vs. 14 months for OS,
respectively. The fact that these differences were not
significant can be explained by the small sample size of this
study, particularly in the concomitant boost group. This
limitation must be considered when interpreting the results.
The same applies to other limitations including the
retrospective study design, different lengths of follow-up, non-
consideration of the HPV-status, different proportions of
patients receiving upfront incomplete resection, and the
different treatment periods, during which systemic treatments
for recurrent and metastatic SCCHN improved, which likely
had an impact on OS. Moreover, two meta-analyses suggested
that radiotherapy with accelerated fractionation alone cannot
fully compensate the lack of concurrent chemotherapy for
treatment of locally advanced SCCHN (29, 30). 

In summary, accelerated fractionation with concomitant
boost provided promising results and appeared superior to
conventional fractionation for non-metastatic stage IV SCCHN.
This type of fractionation can be considered for selected
patients who are not suitable for concurrent radiochemotherapy. 
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