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LINICAL INVESTIGATION Head and Neck
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AND NECK CANCER TREATED POSTOPERATIVELY WITH IRRADIATION

OR CONCOMITANT IRRADIATION WITH MITOMYCIN C
AND BLEOMYCIN

BRANKO ZAKOTNIK, M.D., PH.D.,* MARJAN BUDIHNA, M.D., PH.D.,* LOJZE SMID, M.D., PH.D.,†

ERIKA SOBA, M.D., PH.D.,* PRIMOZ STROJAN, M.D., PH.D.,* IGOR FAJDIGA, M.D., PH.D.,†

MIHA ZARGI M.D., PH.D.,† IRENA OBLAK, M.D., M.SC.,* AND HOTIMIR LESNICAR, M.D., PH.D.*

*Institute of Oncology, Ljubljana, Slovenia; †University Department of Otorhinolaryngology and Cervicofacial Surgery,
Ljubljana, Slovenia

Purpose: The long term results and patterns of failure in patients with squamous cell head and neck carcinoma
(SCHNC) treated in a prospective randomized trial in which concomitant postoperative radiochemotherapy with
Mitomycin C and Bleomycin (CRT) was compared with radiotherapy only (RT), were analyzed.
Patients and Methods: Between March 1997 and December 2001, 114 eligible patients with Stage III or IV
SCHNC were randomized. Primary surgical treatment was performed with curative intent in all patients.
Patients in both groups were postoperatively irradiated to the total dose of 56–70 Gy. Chemotherapy included
Mitomycin C 15 mg/m2 after 10 Gy and 5 mg of Bleomycin twice weekly during irradiation. Median follow-up
was 76 months (48–103 months).
Results: At 5 years in the RT and CRT arms, the locoregional control was 65% and 88% ( p � 0.026), disease-free
survival 33% and 53% ( p � 0.035), and overall survival 37% and 55% ( p � 0.091) respectively. Patients who
benefited from chemotherapy were those with high-risk factors. The probability of distant metastases was 22%
in RT and 20% in CRT arm ( p � 0.913), of grade III or higher late toxicity 19% in RT and 26% in CRT arm
( p � 0.52) and of thyroid dysfunction 36% in RT and 56% in CRT arm ( p � 0.24). The probability to develop
a second primary malignancy (SPM) was 34% in the RT and 8% in the CRT arm ( p � 0.023). One third of
deaths were due to infection, but there was no difference between the 2 groups.
Conclusion: With concomitant radiochemotherapy, locoregional control and disease free survival were significantly
improved. Second primary malignancies in the CRT arm compared to RT arm were significantly less frequent.
The high probability of post treatment hypothyroidism in both arms warrants regular laboratory evaluation.
© 2007 Elsevier Inc.
Postoperative radiochemotherapy, Head-and-neck carcinoma.
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INTRODUCTION

n the majority of patients with squamous-cell head and
eck carcinoma the disease is diagnosed in an advanced
tage (1), and despite aggressive locoregional treatment
ith surgery and postoperative irradiation, the treatment

esults are not satisfactory. Locoregional failure, extremely
npleasant for the patient and their families, occurs in a
ignificant percentage of such patients. In randomized stud-
es comparing postoperative irradiation with postoperative
oncomitant radiochemotherapy with cisplatin, locoregional
ontrol, disease free survival (2) and survival (3, 4) were
ignificantly improved. Similar results were reported for
ostoperative concomitant radiochemotherapy with Mito-
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685
ycin C (5, 6) or Mitomycin C and Bleomycin in our
reviously published experience (7). The inclusion criteria
n all these studies were comparable.

When choosing which concomitant agent might be the
est choice for the individual patient, efficacy must be
onsidered as well as acute and late toxicity. So far, the
ifferences in efficacy between the above mentioned con-
omitantly used drugs were not tested in randomized pro-
pective trials. Therefore, long-term reports of prospectively
onducted trials are helpful in making treatment plans.

In the present report, long-term results of a randomized
rial (7) in which the treatment with concomitant postoper-
tive radiochemotherapy with Mitomycin C and Bleomycin
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ccepted for publication Sept 8, 2006.
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n patients with advanced head-and-neck carcinoma was
ested, are presented. Late toxic effects and the frequency of
istant metastases and second primary malignancies (SPMs)
re analyzed.

PATIENTS AND METHODS

atients and treatments
Between March 1997 and December 2001, 114 patients with

quamous cell carcinoma of the head and neck were randomly
ssigned to postoperative irradiation only (RT arm, 55 patients) or
o irradiation with concomitant chemotherapy with Mitomycin C
nd Bleomycin (CRT arm, 59 patients). Patients in both groups
ere well balanced by sites, stage, and unfavorable prognostic

actors. Primary surgical treatment was performed with curative
ntent in all patients. Patients in both groups were treated by 5 MV
r Co60 supravoltage irradiation, mostly with conventional 3 field
echnique (2 parallel opposed fields, 1 low neck field) comprising
umor bed and postoperative scar. The daily dose was 2 Gy applied
n 1 fraction, 5 times per week. The total dose was aimed to be
6–70 Gy. The total treatment dose and irradiated volume were
ailored according to the presence or absence of high-risk prog-
ostic factors. The conventional 2 stage reduced field technique
as used in all patients. The dose to the spinal cord was limited to
0–46 Gy. The posterior neck lymph nodes were boosted to 50 Gy
ith electron beam. In case of no histopathologically confirmed

esidual disease (R0), the dose to the tumor bed was 56 Gy. If
athosytology microscopic residual disease (R1) or macroscopic
esidual disease (R2) was proved, the primary tumor bed was
rradiated up to 66 Gy or 70 Gy respectively with further reduced
elds. The neck regions where histopathologically extracapsular

umor or perineural spread, lymphatic and/or venous invasion were
etected, received electron booster dose up to 64 Gy. The lower
eck and supraclavicular regions were treated with 1 anterior field
hich abutted the primary upper neck fields at the skin surface
ith 50 Gy defined at a depth of 2 cm. Mitomycin C was applied

t the dose of 15 mg/m2 after 10 Gy of radiotherapy. On the day
f Mitomycin C application, patients in the CRT arm were irradi-
ted twice with interfraction interval of �6 hours. During irradi-
tion, 5 mg of Bleomycin was given i.m. twice a week. Study
esign, entry criteria, detailed patient characteristics, treatment,
nd early results were reported elsewhere (7).

ollow-up
In the first year after treatment, the patients were followed once
month. Each year afterwards, the time interval between fol-

ow-up visits was prolonged by 1 month and after 5 years we
ollowed them once yearly, looking for possible progression of the
isease, and late adverse effects on the healthy tissues. Clinical
xamination, full blood count, electrolytes, liver, and renal tests
ere routinely performed at scheduled follow-up visits. Chest
-rays and thyroid hormones were checked twice a year. Toxicity
as defined according to National Cancer Institute Common Tox-

city Criteria (NCI CTC) (8).

ndpoints
The primary endpoint of our prospective randomized trial was loco

egional control (LRC). Secondary endpoints were disease-free sur-
ival (DFS), overall survival (OS), acute and late toxicity, and the
ncidence of distant metastases and SPMs. For all these parame-

ers, an intent-to-treat analysis is reported with updated data. Loco- n
egional control was defined as the time from operation to the
ecurrence of primary tumor or to the development of cervical-
ode metastases. Disease free survival was defined as the time
rom operation to the appearance of local recurrence, regional
ecurrence, distant metastases, the appearance of SPM, or death
rom any cause. Overall survival was defined as time from oper-
tion to death from any cause.

All SPMs were histologically verified and the possibility that the
ew tumor represents metastasis from the index tumor was ex-
luded (9).

tatistical methods
For all endpoints, Kaplan-Meier estimates were calculated and a

ogrank test was used to test the differences between curves. For
RC, DFS, and OS hazards ratios (HR) are reported with 95%
onfidence intervals (10, 11). Data were analyzed in such mode
hat values of HRs �1 favor treatment with chemoradiotherapy.

Median survival with 95% confidence intervals was calculated
rom the date of diagnosis of SPM.

RESULTS

The follow-up ranged from 48-103 months, median 76
onths.

urvival
Five years after operation, in RT and CRT arms, LRC

as 65% and 88% ( p � 0.026, Fig. 1), DFS 33% and 53%
p � 0.035, Fig. 2), and OS 37% and 55% ( p � 0.091, Fig.
) respectively. Hazard ratios and their 95% confidence
ntervals were for LRC 0.38 (0.16–0.92), for DFS 0.61
0.37–0.97), and for OS 0.66 (0.41–1.07). Locoregional
ontrol, DFS, and OS in RT (n � 32) and CRT (n � 35)
rms for patients with high risk factors (extracapsular exten-
ion and/or R1 resection) were 42% and 84% ( p � 0.009;
R 0.28; 95% CI, 0.1–0.8), 17% and 48% ( p � 0.054; HR
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ig. 1. Locoregional control. RT � postoperative radiotherapy,

� 55; CRT � postoperative chemoradiotherapy, n � 59.
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.57; 95% CI, 0.32–1.02), 26% and 48% ( p � 0.198; HR

.68; 95% CI, 0.37–1.23), respectively.
There was no significant difference in the probability of

ccurrence of distant metastases between treatment groups
at 5 years from operation, 22% in RT arm and 20% in CRT
rm; p � 0.913). In all these cases distant metastases were
lso the causes of death.

ate adverse effects
There was no significant difference in the probability of

eveloping grade III or higher late toxicity to the skin, s.c.
issue, muscles and bones in the irradiated field between
reatment arms at 5 years from operation (19% in RT and
6% in CRT arm, p � 0.52) or to develop thyroid dys-
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ig. 2. Disease free survival. RT � postoperative radiotherapy,
� 55; CRT � postoperative chemoradiotherapy, n � 59.
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ig. 3. Overall survival. RT � postoperative radiotherapy, n � 55;

RT � postoperative chemoradiotherapy, n � 59. t
unction—thyroid stimulating hormone (TSH) level
bove normal value (36% in RT and 56% in CRT arm, p

0.24). All patients with elevated TSH levels received
ormonal substitution and had normal TSH values there-
fter with no clinical signs of thyroid dysfunction.

econd primary malignancies
Among SPMs there were no tumors within the anatomic

icinity of the primary tumor. The probability to develop an
PM was 8% in CRT arm and 34% in RT arm at 5 years
rom operation ( p � 0.023, Fig. 4). Second primary malig-
ancy by site and treatment are shown in Table 1. Of the 18
atients who developed an SPM, 3 are alive at the time of
nalysis; 12 died of the SPM, 2 of the index tumor and 1 of
epsis. From the date of diagnosis of the SPM, median
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ig. 4. Second primary malignancies. RT � postoperative ra-
iotherapy (12/55), CRT � postoperative chemoradiotherapy
6/59).

Table 1. Second primary malignancies by site, histologic
subtype, and treatment

Arm

Site RT CRT Total

ung – SCC 4 3 7
ongue - SCC 2 0 2
olon - AC 1 0 1
axillary sinus - AC 1 1 2

leural mesothelioma 1 0 1
enal pelvis - TCC 0 1 1
rostate - AC 2 0 2
tomach - AC 1 1 2
otal 12 6 18

Abbreviations: RT � radiotherapy; CRT � chemoradiotherapy;
CC � squamous cell carcinoma; AC � adenocarcinoma; TCC �
ransitional cell carcinoma.
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urvival of all patients was 6.5 months (95% CI, 4.5–8.3
onths).

auses of death
Out of 67 patients dying during the observation period, 33

49%) died of primary disease, 12 (18%) of SPM, and 22
33%) of other causes (pneumonia, tuberculosis, or sepsis).
n the last group, there was no significant difference be-
ween treatment arms (11 patients dying in each arm).

DISCUSSION

In an updated analysis of our study, with a median
ollow-up of 76 months, we confirmed a significant im-
rovement in LRC (Fig. 1), DFS (Fig. 2), and an improved
S (Fig. 3). The late toxic events did not differ significantly
etween treatment arms. A high but not significantly differ-
nt incidence of laboratory thyroid dysfunction (elevated
SH) was present in both arms. A surprising outcome is a
ignificantly decreased cumulative incidence of SPMs in the
oncomitant arm (Fig. 4).

Meta analysis of randomized trials comparing chemother-
py added to radiotherapy in patients with advanced head-
nd-neck squamous cell carcinoma (12) and nasopharyngeal
arcinoma (13) demonstrated a significant benefit for con-
omitant treatment (14). The same principle was used in the
ostoperative setting by Haffty et al. with Mitomycin C
eported already in 1993 (5), by Bachaud et al. with weekly
isplatin in 1996 (4) as well as in our trial reported by Smid
t al. with Mitomycin C and Bleomycin in 2003 (7). As
hown in Table 2, in all 3 trials a significant improvement in
RC and DFS was demonstrated for the concomitant arm,
ven though the statistical power was small, due to small

Table 2. Prospective randomized tri

Haffty et al.
(1993)

Bachaud et al.
(1996)

umber of patients 113 83
oncomitant treatment Mitomycin Cisplatin
ollow-up (years) 5 5
RC
RT arm 67% 55%
CRT arm 87% 70%
p 0.015 0.05

FS
RT arm 44% 23%
CRT arm 67% 45%
p �0.03 �0.02

S
RT arm 41% 13%
CRT arm 56% 36%
p NS �0.01

emarks All stages Stage III&IV with
extracapsular spread

Abbreviations: RT � radiotherapy; CRT � concomitant chemor
S � overall survival; NS � non significant; N2� � two or mor

icroscopically involved surgical margins.
umber of patients in all of them. However, 2 large trials
ublished by Bernier et al. (3) and Cooper et al. (2) in 2004
onfirmed the efficacy of postoperative concomitant chemo-
herapy in high-risk patients with squamous cell head-and-
eck carcinoma (Table 2). In our study, patients who ben-
fited from chemotherapy were those with high-risk factors.

All studies (2, 3, 4, 7), except by Haffty et al. (5) reported
significant higher degree of acute toxicity (mucositis,

ermatitis) in the concomitant arms. This is an expected
utcome, because cytotoxic agents are not selective and
amage tumor as well as surrounding healthy cells. Proba-
ly we can achieve some selectivity with Mytomycin C that
s selectively activated in the hypoxic areas of the tumor and
ould, therefore, achieve a higher radiosensitizing effect
han in the surrounding healthy tissues (15). In all studies,
ther acute toxicities such as neutropenia, thrombopenia,
nd in those using cisplatin, nausea/vomiting, and kidney
oxicity were reported. These different acute toxic profiles
ave to be considered when planning treatment in everyday
ractice to choose the most appropriate regimen for the
ndividual patient.

There were no significant differences between the treat-
ent arms in grade III or higher late toxicities in all 5

tudies. In our study, a high proportion of thyroid dysfunc-
ion was registered in later post-treatment period in patients
rom both treatment arms. This finding should be taken into
ccount in the follow-up of these patients. It was not pos-
ible to find the correlation between the dose to the thyroid
issue and the incidence of toxicity, probably because the
ose to the thyroid gland was not uniform. In cases when the
hyroid was adjacent to the area that needed boost, this part
f the thyroid (the volume of which we mostly could not
ssess precisely) received a higher dose.

h postoperative radiochemotherapy

ooper et al.
(2004)

Bernier et al.
(2004) Present report

459 334 114
platin Cisplatin Mitomycin � bleomycin

3 5 5

67% 69% 65%
78% 82% 88%

0.01 0.007 0.026

36% 36% 33%
47% 47% 53%

0.04 0.04 0.035

47% 40% 37%
56% 53% 55%

0.09 0.02 0.09
� and/or ECE
nd/or R1

Locally advanced Stage III&IV

erapy; LRC � locoregional control; DFS � disease-free survival;
hnodes involved with tumor; ECE � extracapsular spread; R1 �
als wit

C
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Furthermore, there was no statistical significant differ-
nce in the incidence of distant metastases and the percent-
ges of distant metastases reported were from 20–25% at
–5 years. This could be explained by the fact that the dose
f the drugs applied during irradiation only was sufficient to
nhance the effect of irradiation, but did not have a suffi-
ient systemic effect.

Second primary malignancies are frequent events in
ead-and-neck cancer patients. The incidence of SPMs re-
orted in large retrospective studies was 4–6% per year and
year survival rates after the diagnosis of SPMs are 26–

8%, significantly worse than in those without an SPM
16–20). Radiotherapy to the index tumor was not associ-
ted with an increased risk of developing an SPM (18). The
umulative incidence at 5 years of SPMs reported by
ernier et al. (3) and Haffty et al. (6), were similar in the RT
nd in the CRT arm. In the study by Bonner et al., com-
aring cetuximab concomitantly with irradiation alone in
noperable patients, even a higher percentage of SPMs was
eported in the arm with cetuximab (8% vs. 5%) (21). In our
tudy, the overall incidence of SMP was comparable to
ther reports, i.e., 18%. An unexpected finding of our study
as a significantly smaller probability to develop an SPM in

he CRT arm (8%) compared to RT arm 34% ( p � 0.023)
Fig. 4). The reason for this remains unclear. There is a
ossibility that in situ SPMs were cured or delayed in
evelopment with our chemotherapy or, on the other hand,
t could be a type I statistical error.

An unexpected finding is that previously reported signif-
cant difference in overall survival between treatment arms
7), despite more deaths due to SPM in the RT arm, disap-
eared with longer follow-up (Fig 3). Bernier et al. ob-
erved a similar phenomenon and stated that the shape of
he progression free survival curve (a similar shape has also
heir overall survival curve) suggests that the effect of
hemoradiotherapy decreases over time (3). From data of

ur study, in the second half of the observation period after t
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