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abstract
background

Induction chemotherapy with cisplatin plus fluorouracil followed by radiotherapy is the
standard alternative to total laryngectomy for patients with locally advanced laryngeal
cancer. The value of adding chemotherapy to radiotherapy and the optimal timing of
chemotherapy are unknown.
methods

We randomly assigned patients with locally advanced cancer of the larynx to one of
three treatments: induction cisplatin plus fluorouracil followed by radiotherapy, radiotherapy with concurrent administration of cisplatin, or radiotherapy alone. The primary
end point was preservation of the larynx.
results

A total of 547 patients were randomly assigned to one of the three study groups. The median follow-up period was 3.8 years. At two years, the proportion of patients who had an
intact larynx after radiotherapy with concurrent cisplatin (88 percent) differed significantly from the proportions in the groups given induction chemotherapy followed by radiotherapy (75 percent, P=0.005) or radiotherapy alone (70 percent, P<0.001). The rate
of locoregional control was also significantly better with radiotherapy and concurrent
cisplatin (78 percent, vs. 61 percent with induction cisplatin plus fluorouracil followed by
radiotherapy and 56 percent with radiotherapy alone). Both of the chemotherapy-based
regimens suppressed distant metastases and resulted in better disease-free survival than
radiotherapy alone. However, overall survival rates were similar in all three groups. The
rate of high-grade toxic effects was greater with the chemotherapy-based regimens (81
percent with induction cisplatin plus fluorouracil followed by radiotherapy and 82 percent with radiotherapy with concurrent cisplatin, vs. 61 percent with radiotherapy alone).
The mucosal toxicity of concurrent radiotherapy and cisplatin was nearly twice as frequent as the mucosal toxicity of the other two treatments during radiotherapy.
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conclusions

In patients with laryngeal cancer, radiotherapy with concurrent administration of cisplatin is superior to induction chemotherapy followed by radiotherapy or radiotherapy
alone for laryngeal preservation and locoregional control.
n engl j med 349;22
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ach year, approximately 9500 persons in the United States receive the diagnosis of cancer of the larynx.1 Until the
early 1990s, the standard treatment for locally advanced disease was total laryngectomy. This practice
changed, however, after the landmark trial conducted by the Department of Veterans Affairs Laryngeal
Cancer Study Group, in which induction chemotherapy (cisplatin plus fluorouracil) followed by radiotherapy was compared with surgery plus adjuvant radiotherapy.2 The larynx was preserved in 64
percent of the patients who received the nonsurgical
treatment, and the two-year survival rate was 68 percent in both groups. No significant difference in
survival has been reported after more than 10 years
of follow-up.3 The ability to preserve the larynx without jeopardizing survival established the use of induction chemotherapy followed by radiotherapy as
an alternative to laryngectomy for locally advanced
laryngeal cancer.
To determine the contributions of chemotherapy
and radiotherapy to larynx-preserving treatment, the
Radiation Therapy Oncology Group and the Head
and Neck Intergroup conducted a randomized trial
(RTOG 91-11) to investigate three radiation-based
treatments: induction cisplatin plus fluorouracil followed by radiotherapy if there was a response to the
chemotherapy (a regimen identical to that given the
“experimental” group in the Department of Veterans Affairs Laryngeal Cancer Study Group trial), radiotherapy with concurrent administration of cisplatin, and radiotherapy alone. The rationale for the
second group was based on the enhancement of radiation effects on tumor cells by concurrent treatment with cisplatin. The primary objective of the trial was to compare the rates of laryngeal preservation
associated with the three treatments. The study involved investigators from the Radiation Therapy Oncology Group (the coordinating group), the Southwest Oncology Group, and the Eastern Cooperative
Oncology Group.

methods
patients

Patients were eligible if they had biopsy-proven, previously untreated stage III or IV (according to the
staging system of the American Joint Commission
on Cancer) squamous-cell carcinoma of the glottic
or supraglottic larynx, the surgical treatment of
which would require total laryngectomy. Patients
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with a stage T1 primary tumor (defined as tumor
limited to one subsite of the supraglottis or limited
to the vocal cords, with normal vocal-cord mobility,
according to the tumor–node–metastasis [TNM]
staging system) or with large-volume stage T4 disease (defined as a tumor penetrating through the
cartilage or extending more than 1 cm into the base
of the tongue) were not eligible. The disease had to
be considered curable with surgery and postoperative radiotherapy. A Karnofsky performance score of
at least 60 (on a scale from 0 to 100, with higher
scores indicating better performance and with a
score of 60 indicating that the patient requires occasional assistance but is able to care for most of his
or her own needs) was required. To be eligible, patients also had to have a white-cell count of at least
3500 per cubic millimeter, a platelet count of at least
100,000 per cubic millimeter, a normal serum calcium level, and a creatinine clearance of at least 50 ml
per minute. All the patients gave written informed
consent in accordance with institutional guidelines.
Pretreatment staging, involving laryngoscopy,
measurement of the tumor, and high-resolution
computed tomographic (CT) scanning of the primary tumor and the neck, was performed within
four weeks before entry into the study. To rule out
synchronous primary cancers, either CT imaging of
the chest and barium esophagography or panendoscopy (i.e., esophagoscopy and bronchoscopy)
was performed. Imaging was performed as clinically indicated to rule out metastatic disease.
treatment

Chemotherapy

Induction chemotherapy consisted of cisplatin given intravenously at a dose of 100 mg per square
meter of body-surface area on day 1 and fluorouracil
given at a dose of 1000 mg per square meter every 24
hours by continuous intravenous infusion for 120
hours, every three weeks for two courses. Patients
then underwent evaluation by indirect laryngoscopy
and CT imaging of the neck. If these examinations
showed a complete or partial response of the primary tumor and no sign of progression in the neck,
a third course of cisplatin plus fluorouracil was
given, followed by radiotherapy. Patients with a less
than partial response of the primary tumor or with
progression in the neck underwent laryngectomy
followed by adjuvant radiotherapy. Patients assigned to radiotherapy with concurrent cisplatin
received intravenous cisplatin at a dose of 100 mg

www.nejm.org

november 27 , 2003

The New England Journal of Medicine
Downloaded from nejm.org on October 30, 2020. For personal use only. No other uses without permission.
Copyright © 2003 Massachusetts Medical Society. All rights reserved.

organ-preservation treatments for advanced laryngeal cancer

per square meter on days 1, 22, and 43 of radio- study design
Randomization
therapy.
Patients were stratified according to the site of the
primary tumor (glottic or supraglottic), N stage
Radiotherapy
The dose of radiation and radiotherapy schedule (stage N0 or N1 or stage N2 or N3), and primary tuwere the same in all three study groups. The dose of mor stage (T2; T3 with fixed cord involvement; T3
radiation to the primary tumor and clinically posi- with no cord fixation but with invasion of the posttive nodes was 70 Gy, given in 35 fractions of 2 Gy cricoird area, medial wall of the pyriform sinus, or
each over a seven-week period. The entire neck, in- preepiglottic tissues; or T4). The randomization
cluding the supraclavicular areas and the posterior scheme described by Zelen6 was used to achieve balneck, was irradiated with a minimum of 50 Gy. The ance in the treatment assignments among the instidose to the clinically positive nodes was supple- tutions.
mented with the beams that covered the primary
tumor, with electrons, or with tangential anteropos- Study End Points
terior beams. The patients assigned to induction The primary end point was preservation of the larchemotherapy followed by radiotherapy who under- ynx. Treatment was considered to have failed on the
went salvage surgery because of a poor response to date laryngectomy was performed. Other end points
the chemotherapy received adjuvant radiotherapy analyzed were overall survival, disease-free survival,
(50 to 70 Gy), depending on the status of the mar- local control, locoregional control, the time to distant metastasis, and laryngectomy-free survival. All
gins on pathological review.
events were measured from the date of randomization to the date of their occurrence or the date of the
Surgery
Patients who had either a single lymph node 3 cm last follow-up visit. Toxic effects were graded acor greater in diameter or multiple lymph-node me- cording to the National Cancer Institute Common
tastases on initial clinical staging of the neck were Toxicity Criteria, version 1.0, during induction cherequired to undergo neck dissection eight weeks motherapy and according to the Radiation Therapy
after the completion of radiotherapy. Laryngectomy Oncology Group toxicity criteria during radiotherwas performed in patients who had histologically apy. All deaths occurring during treatment or withproven persistent or recurrent carcinoma after the in 30 days after the completion of treatment were
completion of treatment or who had an inadequate considered to be possibly treatment-related.
response after two courses of induction chemostatistical analysis
therapy.
The trial was designed to test whether concurrent
chemotherapy and radiotherapy or radiotherapy
follow-up after the completion
of treatment
alone resulted in higher rates of laryngeal preserAll the patients were evaluated eight weeks after the vation than that achieved with standard induction
completion of therapy by examination of the head chemotherapy followed by radiotherapy. Since the
and neck and CT imaging. If persistent disease was protocol involved the comparison of two groups resuspected, examination while the patient was under ceiving experimental treatments with a single conanesthesia and direct laryngoscopy were performed. trol group, Dunnett’s two-sided test7 was used to
Complete examination of the head and neck, with adjust for multiple comparisons. The sample size
evaluation for late toxicity, was performed at sched- was calculated with the use of Bristol’s modification.8 The study was designed to detect an absolute
uled follow-up visits.
Two questionnaires, to be completed by the pa- difference of 15 percent with type I and type II error
tients, were used to evaluate quality of life: the Func- rates of 0.05 and 0.20. The sample size was further
tional Assessment of Cancer Therapy — Head and increased by 10 percent to account for patients
Neck Scale, version 2,4 and the University of Wash- deemed ineligible or lost to follow-up before two
ington Quality of Life instrument.5 These question- years had elapsed. The targeted sample size was 546
naires were to be filled out at base line and at each patients, assuming a two-year laryngectomy-free
follow-up visit. Results with respect to swallowing survival rate of 65 percent.
Rates of overall survival, disease-free survival,
ability and speech are reported in this article.
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Table 1. Characteristics of the Patients According to the Treatment Group.*
Cisplatin plus Radiotherapy
Fluorouracil
with
Followed by Concurrent Radiotherapy
Radiation
Cisplatin
Alone
(N=173)
(N=172)
(N=173)

Characteristic
Age
<60 yr — no. (%)

91 (53)

83 (48)

89 (51)

≥60 yr — no. (%)

82 (47)

89 (52)

84 (49)

Median — yr

59

60

59

Range — yr

36–78

26–78

31–79

131 (76)

137 (80)

133 (77)

42 (24)

35 (20)

40 (23)

35 (20)

32 (19)

26 (15)

90

88 (51)

106 (62)

93 (54)

80

38 (22)

27 (16)

41 (24)

70

10 (6)

6 (3)

10 (6)

60

2 (1)

1 (1)

3 (2)

118 (68)

114 (66)

124 (72)

55 (32)

58 (34)

49 (28)

III

111 (64)

115 (67)

111 (64)

IV

62 (36)

57 (33)

62 (36)

Sex — no. (%)
Male
Female
Karnofsky performance score
— no. (%)
100

Glottis

medicine

incidence10 and were tested according to Gray’s
method.11
Differences in the timing of protocol-specified
assessments of disease among the treatment groups
could bias the results. For example, patients in the
induction-chemotherapy group could proceed to
laryngectomy earlier than the other patients because
of the evaluation performed at six weeks. To minimize such bias, all laryngectomies performed within the first six months after the start of treatment
were considered to be early treatment failures and
were analyzed as if they had occurred at the same
time.

results
patient population

Site of tumor — no. (%)
Supraglottis

of

American Joint Commission on
Cancer stage — no. (%)

From August 1992 to May 2000, 547 patients were
enrolled and randomly assigned to one of the three
treatment groups. Twenty-one of these patients
proved to be ineligible, one withdrew consent after
randomization, and seven were excluded because
eligibility or outcome information was not submitted. Thus, data from 518 patients were included in
the analysis. The characteristics of the patients are
shown in Table 1. The site of the primary tumor and
stage of disease were balanced among the three
treatment groups.
toxic effects

Tumor–node–metastasis stage
— no. (%)†
T stage
T2
T3 with fixed cord
involvement
T3 without cord fixation
T4
N stage
N0
N1
N2A
N2B
N2C
N3

19 (11)
82 (47)

21 (12)
82 (48)

20 (12)
76 (44)

54 (31)
18 (10)

52 (30)
17 (10)

61 (35)
16 (9)

87 (50)
38 (22)
2 (1)
17 (10)
26 (15)
3 (2)

86 (50)
39 (23)
7 (4)
13 (8)
23 (13)
4 (2)

87 (50)
32 (18)
3 (2)
13 (8)
36 (21)
2 (1)

* Because of rounding, not all percentages total 100.
† T denotes tumor, and N node. The designation T4 was limited to low-volume
disease that did not extend into the tongue base by more than 1 cm or penetrate through cartilage.

and laryngectomy-free survival were estimated by
means of the Kaplan–Meier method with the logrank test.9 Rates of laryngeal preservation, local
control, locoregional control, and distant metastasis were estimated by the method of cumulative
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Severe acute toxic effects are listed in Table 2. During
induction chemotherapy with cisplatin and fluorouracil, toxicity was manifested primarily as neutropenia, stomatitis, and nausea or vomiting.
The grade and frequency of toxic effects occurring during radiotherapy recorded in the group that
received induction cisplatin plus fluorouracil followed by radiotherapy and the group that received
radiotherapy alone were nearly identical and consisted mainly of grade 3 in-field effects on the skin
and mucous membrane. In contrast, patients receiving radiotherapy with concurrent cisplatin had chemotherapy-related toxic effects (e.g., neutropenia
and nausea or vomiting) and increased rates of severe radiation-related mucosal, pharyngeal, and
esophageal effects.
The incidence of grade 3 or 4 late toxic effects
was 24 percent in the group that received induction
cisplatin plus fluorouracil followed by radiotherapy, 30 percent in the group that received radiotherapy with concurrent cisplatin, and 36 percent in
the group that received radiotherapy alone. Most of
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Table 2. Grade 3 or 4 Acute Toxic Effects, According to the Treatment Group.*
Toxic Effect

Cisplatin plus Fluorouracil Followed by Radiotherapy
Chemotherapy Period
(N=168)
grade 3 grade 4

Radiotherapy with Concurrent
Cisplatin (N=171)

Radiotherapy Alone
(N=171)

Radiotherapy Period
(N=156)

total

grade 3 grade 4

total

grade 3 grade 4

total

grade 3 grade 4

total

number of patients (percent)
Hematologic

43

44

87 (52)

13

10

23 (15)

64

17

81 (47)

3

2

4

5

9 (5)

2

0

2 (1)

7

0

7 (4)

2

0

2 (1)

Mucosal (stomatitis)

27

7

34 (20)

36

2

38 (24)

64

9

73 (43)

40

1

41 (24)

Pharyngeal or esophageal

—

—

—

30

0

30 (19)

60

0

60 (35)

32

0

32 (19)

Laryngeal

—

—

—

20

1

21 (13)

29

2

31 (18)

23

5

28 (16)

Dermatologic
(in radiation field)

—

—

—

16

0

16 (10)

10

2

12 (7)

15

0

15 (9)

Nausea or vomiting

20

3

23 (14)

0

0

28

7

35 (20)

0

0

0

Renal or genitourinary

3

0

3 (2)

2

0

2 (1)

6

1

7 (4)

0

0

0

Neurologic

5

1

6 (4)

0

0

0

8

1

9 (5)

0

0

Other

20

7

27 (16)

16

2

18 (12)

58

11

69 (40)

9

1

10 (6)

Overall maximal severity

62

49

111 (66)

66

13

79 (51)

99

32

131 (77)

71

9

80 (47)

Infection

0

5 (3)

0

* Dashes denote not applicable.

these effects were grade 3 and referable to the larynx,
pharynx and esophagus, salivary glands, and subcutaneous tissues.
The total rates of severe toxic effects (acute and
late) reported for all phases of the study were 81 percent in the group assigned to induction cisplatin
plus fluorouracil followed by radiotherapy, 82 percent in the group assigned to radiotherapy with concurrent cisplatin, and 61 percent in the group assigned to radiotherapy alone. The total numbers
of deaths that may have been related to treatment
were five (3 percent), nine (5 percent), and five
(3 percent), respectively; the relation of the death to
treatment was confirmed for four, eight, and two of
these deaths, respectively.
response to treatment and compliance

A total of 168 of the 173 patients assigned to receive
induction cisplatin plus fluorouracil followed by radiotherapy received induction chemotherapy. The
response of the primary tumor after two courses of
cisplatin and fluorouracil was complete in 36 of
these patients (21 percent) and partial in 108 (64
percent). Eighty-four patients had nodal involvement, and the response was complete in 19 of them
(23 percent), partial in 34 (40 percent), and stable
in 15 (18 percent). Thus, 144 patients could proceed

n engl j med 349;22

to receive a third course of chemotherapy and a full
course of radiotherapy. Of these, 134 received the
third course; the remaining 10 discontinued chemotherapy.
Among the 24 patients in whom the response of
the primary tumor to induction chemotherapy was
less than partial, only 7 proceeded to immediate
laryngectomy. Of the remaining 17 patients, 11 received additional chemotherapy or radiotherapy. All
11 had a complete response, and only 1 subsequently required a laryngectomy. Of the 172 patients randomly assigned to receive radiotherapy with concurrent cisplatin, 120 (70 percent) received all three
planned doses of cisplatin and 40 (23 percent) received two doses.
Most of the patients (84 percent of those assigned to induction cisplatin plus fluorouracil followed by radiotherapy, 91 percent of those assigned
to radiotherapy with concurrent cisplatin, and 94
percent of those assigned to radiotherapy alone) received more than 95 percent of the intended dose of
radiotherapy (i.e., at least 67 Gy). At the completion
of radiotherapy, 150 of the patients assigned to induction cisplatin plus fluorouracil followed by radiotherapy, 154 of those assigned to radiotherapy
with concurrent cisplatin, and 148 of those assigned
to radiotherapy alone had had a complete response.
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preservation of the larynx

The rate of laryngeal preservation at a median follow-up of 3.8 years was significantly higher among
patients receiving radiotherapy with concurrent cisplatin (145 of 172 patients [84 percent]) than among
those receiving induction chemotherapy followed
by radiotherapy (125 of 173 patients [72 percent],
P=0.005) or radiotherapy alone (116 of 173 patients
[67 percent], P<0.001). There was no significant difference between the group receiving induction chemotherapy followed by radiotherapy and the group
receiving radiotherapy alone (P=0.27) (Fig. 1).
speech and swallowing

Information on speech and swallowing collected
from patients who were disease-free and had an intact larynx was available from 74 percent of those assigned to induction cisplatin plus fluorouracil followed by radiotherapy, 78 percent of those assigned

100

Laryngeal Preservation
(% of patients)

Radiotherapy with concurrent cisplatin
Chemotherapy followed by radiotherapy

75

Radiotherapy alone
50

25

0
0.0

0.5

1.0

2.0

3.0

4.0

5.0

Years after Randomization
No. at Risk
Chemotherapy followed
by radiotherapy
Radiotherapy with
concurrent cisplatin
Radiotherapy alone

158

94

20

154

107

28

146

87

20

Figure 1. Rates of Laryngeal Preservation According to the Treatment Group.
At two years, the rates of laryngeal preservation were as follows: 75 percent
(95 percent confidence interval, 68 to 81 percent) among the patients who received induction cisplatin plus fluorouracil followed by radiotherapy, 88 percent (95 percent confidence interval, 83 to 93 percent) among those who received radiotherapy with concurrent cisplatin, and 70 percent (95 percent
confidence interval, 63 to 76 percent) among those who received radiotherapy alone (P=0.005 for the comparison between induction cisplatin plus fluorouracil followed by radiotherapy and radiotherapy with concurrent cisplatin,
P=0.27 for the comparison between induction cisplatin plus fluorouracil followed by radiotherapy and radiotherapy alone, and P<0.001 for the comparison between radiotherapy with concurrent cisplatin and radiotherapy alone,
by Gray’s test).
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to radiotherapy with concurrent cisplatin, and 80
percent of those assigned to radiotherapy alone.
There was no difference among the three treatment
groups with regard to speech at either 12 or 24
months of follow-up. The reporting of moderate
speech impairment (difficulty in pronouncing some
words and being understood on the telephone) or
worse speech impairment did not differ among the
groups at one year (6 percent, 11 percent, and 13
percent, respectively) or two years (3 percent, 6 percent, and 8 percent, respectively).
At one year, 23 percent of the patients assigned
to radiotherapy with concurrent cisplatin were able
to swallow only soft foods or liquids, and 3 percent
could not swallow at all. By contrast, of the patients
assigned to induction cisplatin plus fluorouracil followed by radiotherapy, 9 percent were limited to soft
foods or liquids, and none were unable to swallow
(P=0.004). The results for the patients who received
only radiotherapy did not differ significantly from
those for the patients in the other two groups; 15
percent were limited to soft foods or liquids, and
3 percent could not swallow. At two years, there
was no significant difference among the groups in
the percentage of patients reporting difficulty in
swallowing (16 percent of those assigned to induction cisplatin plus fluorouracil followed by radiotherapy, 15 percent of those assigned to radiotherapy with concurrent cisplatin, and 14 percent of
those assigned to radiotherapy alone).
For the composite end point of laryngectomyfree survival (on which the sample size of the trial
was predicated), either laryngectomy or death from
any cause constituted treatment failure. The twoyear and five-year estimated rates of this end point
were 59 percent and 43 percent, respectively, for patients assigned to induction cisplatin plus fluorouracil followed by radiotherapy, 66 percent and 45
percent for those assigned to radiotherapy with concurrent cisplatin, and 53 percent and 38 percent for
those assigned to radiotherapy alone. The protocolspecified test of statistical significance did not yield
a significant difference (P<0.05) in pairwise comparisons between induction cisplatin plus fluorouracil followed by radiotherapy and radiotherapy
with concurrent cisplatin (P=0.49) or between induction cisplatin plus fluorouracil followed by radiotherapy and radiotherapy alone (P=0.08). However,
there was a significant difference in laryngectomyfree survival when concurrent radiotherapy and
cisplatin was compared with radiotherapy alone
(P=0.01).
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survival outcomes

pattern of failure

At two years, the number of local treatment failures
was 61 for induction cisplatin plus fluorouracil followed by radiotherapy, 35 for radiotherapy with concurrent cisplatin, and 72 for radiotherapy alone. The
rates of local control were 64 percent, 80 percent,
and 58 percent, respectively. Patients who received
radiotherapy with concurrent cisplatin had significantly fewer failures than those who received induction cisplatin plus fluorouracil followed by radiotherapy (P=0.004) and significantly fewer than
those who received radiotherapy alone (P<0.001).
There was no significant difference with respect to
treatment failures between patients who received
induction cisplatin plus fluorouracil followed by
radiotherapy and those who received radiotherapy
alone (P=0.15). Locoregional control was significantly better among the patients who received radiotherapy with concurrent cisplatin than among
those who received either of the other treatments
(Fig. 2).
distant metastasis

Chemotherapy reduced the rate of distant metastasis. At two years, distant metastases had developed
in 9 percent of the patients who had received induction cisplatin plus fluorouracil followed by radiotherapy, 8 percent of those who had received radio-

n engl j med 349;22

100
Radiotherapy with concurrent cisplatin

Locoregional Control
(% of patients)

The median follow-up among surviving patients
was 3.8 years. Two-year and five-year estimates of
overall survival did not differ significantly according to the treatment: they were 76 percent and 55
percent, respectively, for induction cisplatin plus
fluorouracil followed by radiotherapy, 74 percent
and 54 percent for radiotherapy with concurrent cisplatin, and 75 percent and 56 percent for radiotherapy alone. Two-year and five-year estimates of disease-free survival were 52 percent and 38 percent,
respectively, for induction cisplatin plus fluorouracil followed by radiotherapy, 61 percent and 36 percent for radiotherapy with concurrent cisplatin, and
44 percent and 27 percent for radiotherapy alone.
Patients who received chemotherapy had significantly improved disease-free survival as compared
with those who received radiotherapy alone (P=0.02
for the comparison between induction cisplatin plus
fluorouracil followed by radiotherapy and radiotherapy alone, and P=0.006 for the comparison between
radiotherapy with concurrent cisplatin and radiotherapy alone).

75
Chemotherapy followed by radiotherapy
50

Radiotherapy alone

25

0
0.0

0.5

1.0

2.0

3.0

4.0

5.0

Years after Randomization
No. at Risk
Chemotherapy followed
by radiotherapy
Radiotherapy with
concurrent cisplatin
Radiotherapy alone

147

89

19

146

104

28

127

78

19

Figure 2. Rates of Locoregional Control According to the Treatment Group.
At two years, the rates of locoregional control were as follows: 61 percent
(95 percent confidence interval, 54 to 69 percent) among the patients who
received induction cisplatin plus fluorouracil followed by radiotherapy, 78 percent (95 percent confidence interval, 72 to 85 percent) among those who
received radiotherapy with concurrent cisplatin, and 56 percent (95 percent
confidence interval, 48 to 63 percent) among those who received radiotherapy alone (P=0.003 for the comparison between induction cisplatin plus fluorouracil followed by radiotherapy and radiotherapy with concurrent cisplatin,
P=0.16 for the comparison between induction cisplatin plus fluorouracil followed by radiotherapy and radiotherapy alone, and P<0.001 for the comparison between radiotherapy with concurrent cisplatin and radiotherapy alone).

therapy with concurrent cisplatin, and 16 percent of
those who had received radiotherapy alone. At five
years, the cumulative recurrence rates were 15 percent, 12 percent, and 22 percent, respectively. Overall, only the difference between the rates among
those who received radiotherapy with concurrent
cisplatin and those who received radiotherapy alone
was significant (P=0.03).

discussion
In this trial, the overall survival among patients with
stage III or IV laryngeal cancer was excellent (75 percent at two years) and did not differ significantly
according to the treatment. Laryngeal preservation
was best achieved with radiotherapy plus concurrent
cisplatin; induction chemotherapy followed by radiotherapy was not significantly better than radiotherapy alone. With concurrent therapy, there was
an absolute reduction in the rate of laryngectomy
of 43 percent.
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In addition, we found that chemotherapy suppressed distant metastasis. At two years, 91 percent
of the patients who had received induction cisplatin
plus fluorouracil followed by radiotherapy and 92
percent of those who had received radiotherapy with
concurrent cisplatin were metastasis-free, as compared with 84 percent of those who had received radiotherapy alone. At five years, these rates were 85
percent, 88 percent, and 78 percent, respectively.
Hence, the development of distant metastases was
not merely delayed by chemotherapy.
Induction chemotherapy followed by radiotherapy was as toxic as concurrent therapy. Patients assigned to induction cisplatin plus fluorouracil followed by radiotherapy had chemotherapy-related
toxic effects during the induction (preradiotherapy)
phase. The rate of toxic effects on the mucous membranes and skin during radiotherapy in that group
was nearly identical to the rate in the group assigned
to radiotherapy alone, but the group assigned to
radiotherapy with concurrent cisplatin had nearly
twice the rate of mucosal effects. The increased rate
of acute toxic effects on the mucous membranes
with the use of radiotherapy with concurrent cisplatin probably contributed to the delayed recovery of
swallowing in this group (according to patients’ reported quality-of-life assessment).
Induction chemotherapy followed by radiotherapy, as compared with radiotherapy alone, did not
significantly improve the rate of laryngeal preservation or survival. It did suppress the development of
distant metastases and improve disease-free surviv-

al, but rates of locoregional control did not differ
significantly from those achieved with radiotherapy
alone. In addition, total toxicity was substantially increased as compared with radiotherapy alone. Thus,
for patients who desire laryngeal preservation when
concurrent administration of chemotherapy and
radiotherapy is not feasible, radiotherapy alone
should be recommended.
Our finding — that concurrent administration of
chemotherapy and radiotherapy is superior to sequential therapy or radiotherapy alone for achieving locoregional control — applies only to patients
with stage III or IV disease (a T2, T3, or low-volume
T4 primary tumor). It does not apply to patients with
significant invasion of the tongue base or gross destruction of cartilage. Radiotherapy with concurrent
cisplatin should be considered standard care for patients desiring laryngeal preservation whose cancer
is within the categories of disease studied in this
trial, and laryngectomy should be performed only
as salvage therapy. We believe that in most patients
with laryngeal cancer, the disease can be managed
without a primary surgical approach.
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