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Abstract Radio-chemotherapy is a common treatment for
locally advanced squamous cell head-and-neck cancers
(LA-SCCHN). Cisplatin (100 mg/mz) every 3 weeks is
very common but associated with considerable toxicity.
Therefore, cisplatin programs with lower daily doses were
introduced. There is a lack of studies comparing lower-
dose programs. In this study, 85 patients receiving radio-
chemotherapy with 20 mg/m” cisplatin on 5 days every
4 weeks (group A) were retrospectively compared to 85
patients receiving radio-chemotherapy with 30-40 mg/m*
cisplatin weekly (group B). Groups were matched for nine
factors including age, gender, performance score, tumor
site, T-/N-category, surgery, hemoglobin before radio-
chemotherapy, and radiation technique. One- and 3-year
loco-regional control rates were 83 and 69 % in group A
versus 74 and 63 % in group B (p = 0.12). One- and
3-year survival rates were 93 % and 73 % in group A
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versus 91 and 49 % in group B (p = 0.011). On multi-
variate analysis, survival was significantly better for group
A (HR 1.17; p = 0.002). In groups A and B, 12 and 28 %
of patients, respectively, did not receive a cumulative cis-
platin dose >180 mg/m? (p = 0.016). Toxicity rates were
not significantly different. On subgroup analyses, group A
patients had better loco-regional control (p = 0.040) and
survival (p = 0.005) than group B patients after definitive
radio-chemotherapy. In patients receiving adjuvant radio-
chemotherapy, outcomes were not significantly different.
Thus, 20 mg/m? cisplatin on 5 days every 4 weeks resulted
in better loco-regional control and survival in patients
receiving definitive radio-chemotherapy and may be
preferable for these patients. Confirmation of these results
in a randomized trial is warranted.

Keywords LA-SCCHN - Radio-chemotherapy - Lower-
dose cisplatin - Loco-regional control - Survival - Toxicity

Introduction

Radio-chemotherapy is a common modality for the treat-
ment of locally advanced squamous cell carcinoma of the
head-and-neck (LA-SCCHN). Randomized trials demon-
strated that radio-chemotherapy resulted in significantly
better survival than radiation therapy alone in patients who
did not receive upfront surgery. In postoperative setting,
randomized trials confirmed that patients with LA-SCCHN
and specific risk factors (incomplete resection and/or
extracapsular spread of lymph node metastasis) also benefit
from the addition of chemotherapy to irradiation [1-6].
After publication of a large meta-analysis showing con-
current radio-chemotherapy to be superior to any other
combinations of radiation therapy and chemotherapy,
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concurrent administration of radio-chemotherapy became
the standard therapy [7]. Cisplatin, either alone or as part of
combined chemotherapy regimens, is now the most fre-
quently used agent for radio-chemotherapy of LA-SCCHN.

Several randomized trials confirmed that radio-
chemotherapy including 100 mg/m? of cisplatin alone
given every 3 weeks was significantly superior to radiation
therapy alone in both definitive and adjuvant settings.
Consequently, three courses of 100 mg/m? cisplatin alone
became the most commonly used regimen for the radio-
chemotherapy of LA-SCCHN [3-6]. However, this radio-
chemotherapy has been associated with considerable acute
toxicity and many radiation oncologists are hesitant to use
three courses of 100 mg/m? cisplatin and prefer regimens
with lower cisplatin doses per administration (lower-dose
programs) [8—10]. Other cisplatin monotherapy regimens
include daily administration of 5-7 mg/m?, weekly
administration of 30—40, and 20 mg/m” on 5 days every
4 weeks [1, 2, 9-12]. However, there are only few studies
comparing different lower-dose programs of cisplatin alone
used in concurrent radio-chemotherapy protocols for LA-
SCCHN. In the present study 20 mg/m” of cisplatin alone
given on 5 days every 4 weeks was compared to weekly
administration of 30-40 mg/m? of cisplatin alone for loco-
regional control, survival, and toxicity.

Patients and methods

In this retrospective study, 170 patients were included who
received concurrent radio-chemotherapy with cisplatin
alone for LA-SCCHN. Criteria for inclusion in this study
were locally advanced cancer of the oropharynx,
hypopharynx, larynx or oral cavity requiring radio-
chemotherapy as definitive or adjuvant treatment, no dis-
tant metastasis, age at least 18 years, no history of another
type of cancer, an Eastern Cooperative Oncology Group
(ECOG) performance score of <2, and no contraindica-
tions to receive cisplatin. Patients who did not meet these
criteria were excluded from this study. Radiotherapy was
delivered as three-dimensional (3D) conformal irradiation
or as intensity-modulated radiotherapy (IMRT). IMRT
included so-called classic IMRT and volumetric-modulated
arc therapy (VMAT). The total radiation doses adminis-
tered to the primary tumor and the involved lymph nodes
were 66—70 Gy in case of definitive radio-chemotherapy or
adjuvant radio-chemotherapy following macroscopically
incomplete resection and 60-66 Gy in case of adjuvant
radio-chemotherapy following macroscopically complete
resection. Non-involved lymph node regions in the neck
received 50-60 Gy. Regarding concurrent chemotherapy,
two regimens with lower-dose cisplatin alone were com-
pared. The regimens were given according to
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multidisciplinary protocols preferred at contributing insti-
tutions between 2003 and 2014, the timeframe that patients
in this study were treated.

In group A (n = 85), chemotherapy included two
courses of 20 mg/m? cisplatin alone administered on
5 days every 4 weeks as bolus infusions on days 1-5 and
29-33. In group B (n = 85), chemotherapy also consisted
of cisplatin alone, which in this group was administered
once a week with doses of 30—40 mg/m?. Cisplatin was
also given as bolus infusions, which were, in both groups,
supplemented by prophylactic hydration with antiemetic
drugs prior to and during its administration.

Both radio-chemotherapy groups were matched with
respect to nine factors including age (<57 vs. >58 years,
median age 57 years), gender, ECOG performance score
(0-1 vs. 2), tumor site (oropharynx vs. hypopharynx vs.
larynx vs. oral cavity), T-category (T1-2 vs. T3-4),
N-category (NO-2a vs. N2b-3), upfront surgery (no vs.
yes), hemoglobin level prior to radio-chemotherapy (<12
vs. >12 g/dl), and radiation technique (3D conformal vs.
IMRT) (Table 1). These factors were equally distributed in
both radio-chemotherapy groups. The HPV (human papil-
loma virus)-status was not available in the majority of
patients and, therefore, not included in the analysis. In
those patients receiving upfront surgery, a microscopically
complete resection was achieved in 20 of 25 patients
(80 %) in group A and in 18 of 25 patients (72 %) in group
B, respectively (p = 0.89; Chi-square test).

Chemotherapy dose groups, the nine factors used for
matching the groups, and the cumulative cisplatin dose
(<180 vs. >180 mg/m?) were evaluated for the endpoints
loco-regional control and survival (i.e., death of any cause
was considered as event). Both endpoints were calculated
form the last day of radiation using the Kaplan—Meier
method. The corresponding Kaplan—Meier curves of each
investigated factor were compared with the log-rank test
(univariate analyses) [13]. After Bonferroni correction,
p values <0.0045 (11 tests) were considered significant,
which represented an alpha-level of 0.05. Factors that
achieved significance on log-rank test or showed a trend
(p < 0.05) were evaluated for independence with the Cox
proportional hazards model.

Toxicities were assessed according to the Common
Terminology Criteria for Adverse Events (CTCAE) version
4.0 [14]. The comparison of the two radio-chemotherapy
groups for toxicities was performed with the Chi-square
test. After Bonferroni correction for multiple tests (six
investigated adverse events), p values <0.0083 represented
an alpha-level of 0.05 and were considered significant.

Additional subgroup analyses with respect to loco-re-
gional control and survival were performed for the 120
patients receiving definitive radio-chemotherapy and for
those 50 patients receiving adjuvant radio-chemotherapy.
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Table 1 Distribution of the
factors used for matching the

Group A, N patients (%) Group B, N patients (%)

radio-chemotherapy groups A
(20 mg/m2 of cisplatin on

5 days every 4 weeks, n = 85)
and B (30-40 mg/m? of
cisplatin weekly, n = 85)

Age
<57 years (N = 86)
>58 years (N = 84)
Gender
Female (N = 34)
Male (N = 136)
ECOG performance score
0-1 (N = 128)
2 (N=42)
Tumor site
Oropharynx (N = 86)
Hypopharynx (N = 28)
Larynx (N = 32)
Oral cavity (N = 24)

T-category
T1-2 (N = 34)
T3-4 (N = 136)

N-category
NO-2a (N = 78)
N2b-3 (N = 92)

Upfront surgery
No (N = 120)
Yes (N = 50)

Pre-radiochemotherapy hemoglobin

<12 g/dl (N = 48)

>12 g/dl (N = 122)
Radiation technique

3D conformal (N = 126)

IMRT (N = 44)

43 (51) 43 (S1)
42 (49) 42 (49)
17 (20) 17 (20)
68 (80) 68 (80)
64 (75) 64 (75)
21 (25) 21 (25)
43 (51) 43 (51)
14 (16) 14 (16)
16 (19) 16 (19)
12 (14) 12 (14)
17 (20) 17 (20)
68 (80) 68 (30)
39 (46) 39 (46)
46 (54) 46 (54)
60 (71) 60 (71)
25 (29) 25 (29)
24 (28) 24 (28)
61 (72) 61 (72)
63 (74) 63 (74)
22 (26) 22 (26)

Results

In the entire cohort, the 1- and 3-year loco-regional control
rates were 83 and 69 % in group A, versus 74 and 63 % in
group B (p = 0.12; Table 2). A trend toward improved
loco-regional control was found for lower (T1-2) T-cate-
gory (p =0.030) and upfront surgery (p = 0.011)
(Table 2). In the subsequent multivariate analysis, upfront
surgery [hazard ratio (HR) 2.24; 95 % confidence interval
(CD) 1.04-5.59; p = 0.037] achieved significance, whereas
T-category (HR 1.42; 95 % CI 0.92-2.45; p = 0.12) was
not significant.

The 1- and 3-year survival rates were 93 and 73 %,
respectively, in group A, versus 91 and 49 %, respectively,
in group B (p = 0.011; Table 3). On univariate analysis,
improved survival was associated with a better (ECOG
0-1) performance status (p < 0.001) (Table 3). On multi-
variate analysis, survival was significantly associated with
type of chemotherapy (HR 1.17; 95 % CI 1.06-1.30;
p = 0.002) and ECOG performance score (HR 3.01; 95 %

CI 1.75-5.05; p < 0.001). In groups A and B, 10 patients
(12 %) and 24 patients (28 %), respectively, did not
receive a cumulative cisplatin dose of >180 mg/m?
(p = 0.016). The rates of toxicities in terms of oral
mucositis, dermatitis, hematotoxicity, nephrotoxicity,
xerostomia, and subcutaneous fibrosis were not signifi-
cantly different in both groups (Table 4).

The additional subgroup analyses revealed that the cis-
platin regimen used in group A was significantly superior to
the regimen in group B with respect to loco-regional control
(p = 0.040) and survival (p = 0.005) in patients receiving
definitive radio-chemotherapy (Table 5) but not in those
patients receiving adjuvant radio-chemotherapy (Table 6).

Discussion
Cisplatin-based regimens are very often used for the radio-

chemotherapy of LA-SCCHN, particularly regimens
including cisplatin alone. Due to randomized trials
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Table 2 Results of the univariate analyses of loco-regional control

At 1 year (%) At 3 years (%) p

Type of chemotherapy

Group A (N = 85) 83 69 0.12
Group B (N = 85) 74 63

Age
<57 years (N = 86) 77 63 0.63
>58 years (N = 84) 80 71

Gender
Female (N = 34) 91 79 0.07
Male (N = 136) 75 74

ECOG performance score
0-1 (N = 128) 80 68 0.37
2 (N=42) 71 62

Tumor site
Oropharynx (N = 86) 84 75 0.08
Hypopharynx (N =28) 60 54
Larynx (N = 32) 73 57
Oral cavity (N = 24) 85 63

T-category
T1-2 (N = 34) 97 79 0.030
T34 (N = 136) 74 64

N-category
NO-2a (N = 78) 79 68 0.89
N2b-3 (N = 92) 78 66

Upfront surgery
No (N = 120) 73 61 0.011
Yes (N = 50) 91 81

Pre-radiochemotherapy hemoglobin
<12 g/dl (N = 48) 64 58 0.08
>12 g/dl (N = 122) 84 71

Radiation technique
3D conformal (N = 126) 77 66 0.41
IMRT (N = 44) 83 71

Cumulative cisplatin dose
<180 mg/m* (N = 34) 79 64 0.37
>180 mg/m* (N = 136) 78 68

demonstrating that 100 mg/m? of cisplatin given every
3 weeks resulted in significantly better outcomes than
radiation therapy alone, this regimen became the standard
approach for LA-SCCHN in many centers. However, this
radio-chemotherapy program was associated with high
acute toxicity [9]. Thus, taking into account both efficacy
and toxicity, the optimal radio-chemotherapy approach for
LA-SCCHN requires further clarification.

In an attempt to minimize toxicity but retain the
benefits of cisplatin, many centers use doses lower than
100 mg/m” per administration. Several studies compared
lower-dose programs to 100 mg/m? of cisplatin every
3 weeks [9-11, 15-17]. However, there are few studies
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comparing exclusively different lower-dose of cisplatin
programs. Therefore, this study was initiated to compare
20 mg/m* of cisplatin on 5 days every 4 weeks to
weekly administration of cisplatin with doses of
30-40 mg/m®. According to the results of this study,
20 mg/m? of cisplatin on 5 days every 4 weeks resulted
in significantly better outcomes than weekly adminis-
trations. In the entire cohort, the absolute differences of
loco-regional control rates at 1 and 3 years were 9 and
6 % in favor of group A (Table 2), but these differences
did not achieve significance (p = 0.12). However, in the
subgroup analysis of patients receiving definitive radio-
chemotherapy, the cisplatin regimen used in group A
resulted in significantly better loco-regional control than
weekly administration of cisplatin (group B). The
absolute differences of loco-regional control rates at 1
and 3 years were 9 and 15 % in favor of group A
(Table 5). In a retrospective study of 77 patients with
locally advanced cancer of the uterine cervix, 20 mg/m?
of cisplatin alone on 5 days every 3 weeks (inpatient
regimen) was compared to weekly administration of
40 mg/m* of cisplatin (outpatient regimen) [18]. Pro-
gression-free survival at 3 years was significantly better
in the 20 mg/m? of cisplatin group than in the weekly
cisplatin group (90 vs. 76 %, p = 0.01). In the multi-
variate analysis of that study, this finding maintained
significance with an HR of 3.46 (96 % CI 1.25-9.58;
p = 0.02). Acute toxicities were 3.43 times more com-
mon in the weekly cisplatin group (95 % CI 1.38-8.52;
p = 0.02). The cumulative cisplatin doses were not
stated. However, it appears quite likely that patients in
the 20 mg/m> of cisplatin group did receive higher
cumulative doses, as it was the case in the present study.

In the present study, radio-chemotherapy with two
courses of 20 mg/m® cisplatin resulted in significantly
better survival rates at 1 and 3 years than radio-
chemotherapy with cisplatin administered once a week
with doses of 30-40 mg/m?. However, according to the
additional subgroup analyses, the superiority of the regi-
men used in group A was limited to patients receiving
definitive radio-chemotherapy (Tables 5, 6). Therefore, the
improved survival appears to be a consequence of the
significantly improved loco-regional control in this partic-
ular subgroup.

In this study, significantly more patients in group B did
not receive a cumulative cisplatin dose of 180 mg/m?,
which represents weekly doses of 30 mg/m?® given over
6 weeks (concurrently with a total radiation dose of
60 Gy). This appears surprising, since acute toxicity rates
were not significantly different between groups A and B.
One may speculate about the reason for the difference
regarding the cumulative cisplatin doses. Other acute tox-
icities not assessed in this study such as nausea/vomiting
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E;BzizteR;r?;lll;sse()sf;? esurvival At 1 year (%) At 3 years (%) P

Type of chemotherapy
Group A (N = 85) 93 73 0.011
Group B (N = 85) 91 49

Age
<57 years (N = 86) 94 58 0.37
>58 years (N = 84) 90 62

Gender
Female (N = 34) 91 72 0.66
Male (N = 136) 92 58

ECOG performance score
0-1 (N = 128) 94 67 <0.001
2 (N=42) 85 38

Tumor site
Oropharynx (N = 86) 95 63 0.07
Hypopharynx (N = 28) 81 57
Larynx (N = 32) 97 61
Oral cavity (N = 24) 88 54

T-category
T1-2 (N = 34) 89 79 0.41
T34 (N = 136) 92 56

N-category
NO-2a (N = 78) 94 62 0.29
N2b-3 (N = 92) 90 58

Upfront surgery
No (N = 120) 90 56 0.11
Yes (N = 50) 96 73

Pre-radiochemotherapy hemoglobin
<12 g/dl (N = 48) 87 57 0.50
>12 g/dl (N = 122) 94 61

Radiation technique
3D conformal (N = 126) 93 59 0.57
IMRT (N = 44) 88 62

Cumulative cisplatin dose
<180 mg/m*> (N = 34) 71 55 0.14
>180 mg/m> (N = 136) 83 63

might have been more common in group B. The difference
regarding the cumulative cisplatin doses can to a certain
extent be explained by the fact that patients in group A
received their cisplatin as inpatients, in contrast to group B
patients, who received their weekly cisplatin as outpatients.
The latter group likely had poorer compliance. It may be
difficult to motivate patients with LA-SCCHN, who are
often heavy smokers and alcohol consumers to come to an
outpatient department or a private practice six to seven
times during radiation course. Furthermore, supportive care
is more easily provided for inpatients, where the infras-
tructure of a hospital and multiple disciplines are available
“under one roof”.

The difference between groups A and B regarding the
cumulative cisplatin doses is a source of potential bias [19].
Another source of a hidden bias may be a possible differ-
ence regarding the distribution of the human papilloma
virus (HPV) status, which was not available in most
patients of the present study. The HPV-status was reported
to have a significant impact on the prognosis of patients
with SCCHN [20, 21]. This must be considered a signifi-
cant limitation of the present study. In general, retrospec-
tive studies like the present one always bear the risk of
hidden selection biases. Furthermore, retrospective
chart reviews can be affected by a recall bias and diffi-
culties with the abstraction of the data from the charts. This
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Table 4 Comparison of both radio-chemotherapy groups for toxicity

Group A, N Group B, N p value
patients (%) patients (%)
Oral mucositis
Grade >2 74 (87) 73 (86) 0.93
Dermatitis
Grade >2 66 (78) 53 (62) 0.23
Hematotoxicity
Grade >2 68 (80) 65 (76) 0.79
Nephrotoxicity
Grade >2 4(5) 4(5) 1.00
Xerostomia
Grade >2 27 (32) 34 (47)* 0.37
Subcutaneous fibrosis
Grade >2 18 (21) 28 (36)° 0.07

* Data of 72 patients available
® Data of 77 patients available

Table 5 Results of the subgroup analyses of the 120 patients
receiving definitive radio-chemotherapy

At 1 year (%) At 3 years (%) p

Loco-regional control

Group A (N = 60) 79 68 0.040
Group B (N = 60) 70 53

Survival
Group A (N = 60) 87 70 0.005
Group B (N = 60) 67 43

Table 6 Results of the subgroup analyses of the 50 patients receiving
adjuvant radio-chemotherapy

At 1 year (%) At 3 years (%) p

Loco-regional control

Group A (N = 25) 92 72 0.29
Group B (N = 25) 90 90

Survival
Group A (N = 25) 96 80 0.19
Group B (N = 25) 84 70

applies particularly to toxicity data, although the CTCAE
criteria are standardized [14]. Since patients of both groups
were matched 1:1 also with respect to the tumor site, this
factor likely did not have a relevant impact on the results of
this study. In those patients receiving surgery, data
regarding pathological aspects such as perineural invasion,
lymphovascular invasion and extracapsular spread of
lymph node metastases were not available, which may have
led to a selection bias in this subgroup.
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Therefore, the results of this study should ideally be
confirmed in a prospective randomized trial. However,
since institutions treating patients with LA-SCCHN gen-
erally prefer specific regimens, it may be difficult to per-
form such a randomized trial in an appropriately large
cohort with a sufficient statistical power.

In conclusion, 20 mg/m? cisplatin on 5 days every
4 weeks resulted in significantly better loco-regional con-
trol and survival than weekly administration of 30-40 mg/
m? of cisplatin in patients who received definitive radio-
chemotherapy but not in patients receiving adjuvant treat-
ment. The toxicity rates were not significantly different
with both regimens. Taking into account the limitations
and the retrospective design of this study, 20 mg/m? cis-
platin on 5 days every 4 weeks may be preferable to
weekly administrations for definitive radio-chemotherapy.
These results should be verified in a prospective random-
ized trial.
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