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ORIGINAL ARTICLE
Accelerated radiotherapy for advanced laryngeal cancer
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Abstract

The purpose of this study was to evaluate a single institution’s outcome for patients with advanced laryngeal cancer treated
with accelerated radiotherapy (RT). Fifty-eight patients with advanced laryngeal cancer (T3/T4N0/N +MO0) were treated
with curative intent with accelerated RT during the period 1990 —1998. Patients received radiotherapy alone or with
induction chemotherapy. The 5-year local control (LC) and loco-regional control (LRC) probabilities were both 49% for
T3 and 75% for T4 tumors. The 5-year disease-free survival probability was 46% and 68% and overall survival probability
was 30% and 39% for T3 and T4 tumors respectively. No significant statistical difference in outcome was found, either
between T3 and T4 tumors, or between patients who received induction chemotherapy and those who did not. The
treatment results for advanced laryngeal cancer at this institution were comparable to those reported in the literature. The
results for T3 and T4 were similar. T4 classification alone should not be an exclusion criterion for larynx preservation.

Opverall survival was poor, partly because of a high incidence of deaths from intercurrent diseases.

In our department treatment for early laryngeal
cancer is radical radiotherapy (RT) with surgery saved
for salvage. This strategy yields satisfactory results
with respect to tumor control, survival and laryngeal
function in most patients [1]. For T2 tumors acceler-
ated fractionation of RT has given similar local control
(LC) as for conventionally fractionated T1 tumors,
suggesting the importance of a short treatment time
on RT results even for a low tumor stage [1]-a finding
later supported by Garden et al [2].

For advanced T3 and T4 tumors of the larynx
both loco-regional control (LRC) and survival have
been low in our institution as well as in others, with
the treatment strategy of conventionally fractionated
RT with surgical salvage [3].

In an attempt to improve the results accelerated
RT, as scheduled for T2 tumors, was introduced in
our institution in 1990 for advanced stage T3 and
T4 tumors of the larynx. This new regimen also
included induction chemotherapy for patients with a
decent performance status (Karnofsky Index >70).
The purpose of the induction chemotherapy was
two-fold: 1) to reduce the risk of distant metastasis
and 2) to shrink the primary tumor.

So far, most data concerning altered RT fractio-
nation schedules for tumors in the head and neck
region have dealt with heterogenous patient popula-
tions comprising various tumor sites: larynx, oral
cavity, oropharynx and hypopharynx. The present
study, however, deals with accelerated RT for
advanced laryngeal cancer only. All patients have
been treated in a single Swedish institution with
quality controlled RT. Selection criteria for the
choice of treatment have been strict and well
described and the patient population has been well
defined. The purpose of the present retrospective
study was to explore the hypothesis that accelerated
RT for advanced laryngeal cancer improves LRC
and that induction chemotherapy reduces the in-
cidence of distant metastasis as first site of failure.

Methods and material
Patients

Fifty-eight patients (51 men and 7 women) with
advanced laryngeal cancer were treated with curative
intent with accelerated RT at the Department of
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Oncology, Sahlgrenska University Hospital during
the period 1990-1998. All patients had tumors
classified as T3 or T4, all of which were squamous
cell carcinomas. During the same period, 16 addi-
tional patients, also diagonsed with locally advanced
laryngeal cancer, were not included in this study for
the following reasons: 8 patients (1 T3, 7 T4) were
treated with primary surgery, 3 patients (all T3) were
included in a clinical trial prescribing conventionally
fractionated RT, 4 patients (1 T3, 3 T4) were
evaluated as being physically or mentally unfit for
accelerated fractionation and one patient (T3) was
treated with conventionally fractionated RT for
reasons not specified in the patient record. The
reasons for choosing primary surgery for the eight
patients above were either very extensive cartilage
involvement, where the chances to obtain LRC with
radical RT were considered minimal, or the patient
was evaluated as not being able to tolerate RT and/or
induction chemotherapy. Of the patients treated
with primary surgery, 2 are alive with LRC, 2 died
of local recurrences, 2 died of regional recurrences
and 2 died of intercurrent diseases. For the patients
treated with conventionally fractionated RT, the
outcome was as follows: 2 are alive with LRC, 3
died of local recurrences, 1 died of regional recur-
rence, and, 2 died of intercurrent diseases.

For the patients included in the study, patient and
tumor characteristics can be seen in Table I. The
distribution of treatment parameters can be seen in
Table II.

Patients were referred to our clinic from a number
of hospitals in the southwestern region of Sweden
and all were discussed at joint tumor conferences
including oto-rhino-laryngologists, oncologists, radi-
ologists and histopathologists before allocation to
treatment. The diagnostic work-up consisted of
clinical examination, evaluation and biopsy under
general anesthesia, chest X-ray and a CT (48
patients), MRI (2 patients) or both (8 patients) of
the larynx and neck. Tumors were classified and
staged at the joint tumor conference according to the
1987 or subsequently updated versions of the UICC
staging system [4].

Chemotherapy

Induction chemotherapy consisted of cisplatin
100 mg/m?® day 1 and 5-FU 1000 mg/m?d by
continuous infusion days 1 through 5. The cycle
interval was 21 days. Forty-two of the 58 patients
were selected for induction chemotherapy. Fifteen
(36%) of these patients had T3NOMO tumors, 22
(52%) had T4NOMO and 5 (12%) had T4N+MO
tumors (1 N1, 2 N2). Most patients received two
cycles of chemotherapy. Four patients who suffered

Table I. Number and distribution of patient parameters

T3 (%) T4 (%) Total (%)
Number of patients 26 32 58
Gender:
Male 25 (96) 26 (81) 51 (88)
Female 14 6 (19) 7 (12)

Median age (years) 68 (45-87.5) 64 (44-84.5) 66 (44-87.5)
Site:

Supraglottic 6 (23) 12 (37) 18 (31)

Glottic 16 (62) 4 (13) 20 (34)

Subglottic 0 6 (19) 6 (11)

Transglottic 4 (15) 10 (31) 14 (24)
N-stage

NoO 25 25 50

N1 0 3 3

N2 1 4 5
Histology:

WSQCC 3 (12) 2 (6) 50)

MSQCC 12 (46) 17 (53) 29 (50)

PSQCC 10 (38) 11 (35) 21 (36)

SQCC 14 2 (6) 3 (5)

WSQCC =well differentiated squamous cell carcinoma,
MSQCC =moderately differentiated squamous cell carcinoma,
PSQCC =poorly differentiated squamous cell carcinoma,
SQCC =squamous cell carcinoma with degree of differentiation
not specified.

severe complications after their first cycle of che-
motherapy received only one cycle. Another two
patients received a maximum of three cycles due to
long waiting times for the start of RT. Before the
start of treatment, all patients went through a
physical examination, a hearing examination (audio-
gram), chest X-ray, ECG and laboratory tests
including blood cell count and liver- and kidney
function tests. After the completion of two cycles of
chemotherapy the tumor response was assessed by
physical examination and fiberlaryngoscopy. If there
were signs of progression the patient would be
referred for laryngectomy.

Sixteen patients (10 T3NOMO, 1 T3N2MO, 3
T4NOMO and 2 T4N1MO) did not receive induction
chemotherapy because of poor performance status,
mainly due to high age and/or co-morbidity.

Table II. Distribution of treatment parameters

T3 (%) T4 (%) Total (%)

Chemotherapy

Yes 15 (58) 27 (84) 42 (72)

No 11 (42) 5 (16) 16 (28)
Fractionation

1.7+1.7 Gy/d 25 28 53

1.1+2.0 Gy/d 1 4 5
Energy

4MV 12 18 30

5MV 7 4 11

6MV 7 10 17

Gy =unit for target absorbed dose. MV =megavoltage.
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Patients treated with induction chemotherapy
had a median age of 63 years compared to 73 years
(P=0.00006) for those who did not receive induction
chemotherapy, reflecting treatment selection.

Radiation treatment

All patients were immobilized in a plastic mask
excluding the neck and treated on linear accelerators
with 4MYV, 5MV or 6MYV photon beams (Table IT). A
conformal 3D RT technique mainly with MLC
(Multi- Leaf Collimator) was used for all patients.
The planning target volume for the full dose treat-
ment (PTV-T) consisted of gross tumor volume
(GTV) with a margin of 2 cm, but at least the whole
larynx, and positive neck nodes. Bilateral neck nodes
including the supraclavicular nodes were included in
the adjuvant planning target volume (PTV-N).
Gross tumor volume varied greatly, and was between
2 and 112 cm’, depending on neck node involve-
ment. Most patients were treated by two lateral
beams often tilted anteriorly 10—20 degrees. These
beams often also had a couch rotation of 5-10
degrees. The reason for having a combination of
anteriorly directed gantry angles and couch rotation
was to avoid the shoulders of the patient. In order to
obtain a homogenous dose distribution in the whole
planning target volume (PTV), low weighted ante-
rior and posterior fields were added in some cases.
Two different fractionation schedules were used.
However, all patients were treated with accelerated
fractionation (Table II). Both fractionation sche-
dules had similar toxicity to normal tissues (Biolo-
gical Equivalent Dose, BED) as calculated from the
Linear Quadratic (ILQ) formula. Fifty-three patients
(25 T3 and 28 T4), of whom 37 had received
induction chemotherapy, were treated with split
course, hyperfractionated accelerated RT over a total
of 4.5 weeks. Patients were treated with fractions of
1.7 Gy, 2 fractions per day with at least 6 hour
interval, five days per week. The larynx and positive
nodes (PTV-T) were treated up to 64.6 Gy (BED-
normal tssue =115.4 Gy, BEDwmumor=73.2 Gy).
Negative nodes, considered as the adjuvant volume
(PTV-N), were treated to 40.8Gy (BEDnormal
tssue =72.9 Gy, BEDwumor =50.7 Gy). There was
a planned treatment split after 34 Gy in order to
reduce acute reactions and late consequential effects.
Five patients (1 T3, 4 T4), who had all received
induction chemotherapy, had RT according to
a Swedish national multi-center study protocol,
evaluating accelerated RT for advanced head and
neck cancers, but outside the study. These patients
were also treated twice daily, but in a non-split-
course regimen with a concomitant boost technique,
up to 68 Gy (BEDunormal tissue=120.2 Gy,

BEDwumor =70.6 Gy) in 4.5 weeks. In this regimen
PTV-N was treated to 46 Gy (BEDnormal
tissue =76.7 Gy, BEDtumor =52.2 Gy). The BED
values were calculated according to the principles for
the LQ model used by Mehta et al [5].

A computer-based 3D RT-planning program was
used to calculate the target dose, and the dose was
prescribed at the iso-center in the middle of the PTV.
The 95% iso-dose of the prescribed dose surrounded
the PTV. The PTV-T varied between 77 and
490 cm’ and the PTV-N between 420 and
800 cm’. The lengths of the fields in the cranial
caudal direction were in the range of 7—12 cm for
the full dose treatment and 12-18 cm for the
adjuvant treatment. Target volumes and dose dis-
tributions for a typical treatment are illustrated in
Figure 1.

During treatment, all patients were examined
weekly by a radiation oncologist who evaluated acute
reactions and tumor response.

Follow-up

All patients had their first follow-up examination
4 to 6 weeks after the completion of RT. They were
then routinely evaluated under general anesthesia at
3 or 4 months after the completion of RT and if there
was any suspicion of local recurrence, a biopsy was
taken. Patients were then followed with a clinical
examination every 3 months for the first 2 years,
every 4 months during the third year and then
biannually during the fourth and fifth year. After
5 years follow-up was once a year. A CT scan or
MRI of the larynx and neck was performed in most
patients at 3 and 6 months after the completion of
RT and thereafter only if there was a suspicion of
recurrence or other specific indications. Most pa-
tients were followed-up at our clinic for the whole
study period. However, some patients, especially
elderly ones with long traveling distances, were
followed at our department during the first and
second year, and then at the department of oto-
rhino-laryngology at their local hospital. Patients
who developed a local recurrence and underwent
salvage laryngectomy mostly continued their follow-
up at the department of oto-rhino-laryngology
Sahlgrenska University Hospital after their laryn-
gectomy.

Three patients were lost to follow-up. One was
followed for 50 months. The other two were lost to
follow-up directly after and 4.5 months after the
completion of treatment respectively. They are all
still alive according to the Swedish Population
Register. All three were immigrants and we know
that at least one of them has returned to his home
country.
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(a)

Figure 1. CT slices showing target volumes and dose distribu-
tions for a typical radiation treatment in the a) sagittal plane and
b) transversal plane.
Volumes: Yellow (2) =GTV, Red (7) =PTV (T), Yellow (3) =PTV
(N), Green (8) =spinal cord.
Isodoses: Orange =68.0 Gy (105%), Green =61.4 Gy (95%),

Blue =40.8 Gy (63%), Lilac =20 Gy (30%)
Field sizes: 0-40.8 Gy =14 x11 cm

40.8-64.6 Gy =8 x9.5 cm

CT =computer tomography, GTV =gross tumor volume,
PTV(T) =planning target volume (tumor),
PTV(N) =planning target volume (node).

The mean and median follow-up times were
24.5 months and, 15.3 months, respectively (range,
0.7-117.3). Only 10 patients (17%) could be fol-
lowed for 5 years or more. Follow-up times were
calculated from the last day of treatment to the date of
the last follow-up examination or death. Local or
regional failure was considered to have occurred when
there was either clinical persistence of local and/or
regional tumor at the end of treatment or develop-
ment of recurrence following complete response.

Statistical analysis

The statistical analyses were performed using Stat
View, Version 5.0.1 (Abacus Concepts, Inc., CA,

USA). The endpoints analyzed were local control
(LC), loco-regional control (LRC), disease-free
survival (DFS) and overall survival (OS) and were
calculated from the first day of treatment by the
Kaplan-Meier and actuarial survival methods. OS
includes deaths due to any cause. DFS includes
deaths due to laryngeal cancer. Patients with local or
loco-regional recurrences were treated as failed
independently of whether they had salvage surgery
or not. P-values for statistical significance were
calculated using the log rank test or the unpaired
t-test.

Results

Figures 2—5 show the Kaplan-Meier plots for LRC,
DEFS and OS probabilities for patients with T3 and
T4 tumors respectively. The 5-year survival prob-
abilities are further illustrated in Table III. No
statistically significant difference was found between
T3 and T4 tumors for any of the parameters
analyzed.

The results for patients who received induction
chemotherapy versus those who did not can be seen
in Table IV. No statistically significant difference was
found between the two groups for any of the
parameters analyzed.

Of the 42 patients who received induction che-
motherapy 6 (1 T3, 5 T4=14%) had a clinical
complete remission (CR) and 31 (12 T3, 19
T4 =74%) had a partial remission (PR) after the
completion of chemotherapy. Five patients (2 T3, 3
T4 =12%) had no response from induction che-
motherapy, but went on to have RT as planned. No
patient was evaluated as having progressive disease.

After completion of RT 34 patients (11 T3, 23
T4 =81%) were in CR. Four patients (1 T3, 3 T4)
with residual disease after the completion of RT
underwent salvage surgery, which was locally suc-
cessful in two cases (both T4). However, one of
them later developed neck disease. Two patients
(1 T3, 1 T4) with residual local disease died without
an attempt to salvage surgery. One patient (T3) died
of pneumonia during his RT, and this was classified
as a treatment related death. One patient (T3) was
lost to follow up immediately after the completion of
RT and could therefore not be evaluated.

Five (2 T3, 3 T4) of the 34 patients who were in
CR after RT later developed local recurrences.
Three of these patients (1 T3, 2 T4) were treated
with salvage surgery, which was successful in 2 cases
(both T4). The other two patients died of their local
recurrences without any attempt to salvage surgery.
Three patients (1 T3, 2 T4 =7%) developed distant
metastases (lung). Two of these also had loco-
regional and regional recurrences respectively, while
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Figure 2. Loco-regional control probabilities for patients with T3 (narrow line) and T4 (thick line) tumors.

in one patient (T4) distant disease was the first site
of failure.

Eleven patients (4 T3, 7 T4 =26%) who received
induction chemotherapy died of intercurrent disease.
With information from patients’ records and the
Swedish national statistical register, as described
previously [1], we were able to establish the cause
of death in all but one case. The most common cause
of death was a second malignancy. One death was
considered treatment related, as described above.

From the initial group of 42 patients who received
induction chemotherapy 18 patients (5 T3, 13
T4 =43%) were alive at the time of analysis, out of
which 16 (5 T3, 11 T4=89%) had a preserved
larynx.

Thirteen (7 T3, 6 T4 =81%) of the 16 patients
who did not receive induction chemotherapy had a
CR after RT. Two patients (both T3) had persistent
local disease and underwent salvage laryngectomy,
which was successful in both cases. In one case (T3)
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Figure 3. Disease-free survival probabilities for patients with T3 (narrow line) and T4 (thick line) tumors.
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Figure 4. Overall survival probabilities for patients with T3 (narrow line) and T4 (thick line) tumors.

response could not be evaluated because the patient
died of intercurrent disease shortly after the comple-
tion of treatment.

Two patients (1 T3, 1 T4) with complete response
after RT developed local recurrences. Both were
successfully treated with salvage laryngectomy, but
later developed neck disease. One patient (6%)
developed neck disease while remaining locally
controlled (T4), and one patient (6%) developed
distant metastases (lung) as the only site of failure
(T3).

Eight patients (5 T3, 3 T4 =50%) who did not
receive induction chemotherapy died of intercurrent
disease. The cause of death could be established for
seven of these patients. The most common cause of
death was a second malignancy. Other causes were
pneumonia and cardiovascular disease. The distri-
bution of causes of death for the whole group can be
seen in Table V.

Table III. 5-year survival probabilities for patients with T3 and
T4 tumors

T3 T4 P-values
n=26 n=32
Local control 49% 75% 0.13
(SE=12%) (SE=8%)
Loco-regional control  49% 75% 0.21
(SE=12%) (SE=8%)
Disease-free survival 46% 68% 0.20
(SE=11%) (SE=9%)
Opverall survival 30% 39% 0.39
(SE=10%) (SE=11%)

Of the 16 patients who did not receive induction
chemotherapy 5 (3 T3, 2 T4 =31%) were alive at
the time of analysis, all with a preserved larynx.

Considering the whole group, twenty-three pa-
tients (8 T3, 15 T4) were alive at the time of
analysis. Twenty-one of them (8 T3, 13 T4), (91%),
had a preserved larynx. Seven patients (17%)
experienced complications from their chemotherapy.
Three suffered from neutropenic fever and two of
them developed sepsis (Common Toxcicity Criteria,
CTC grade 3) [6]. They did not receive any further
chemotherapy. One patient developed a local infec-
tion without neutropenia (CTC grade 2). One
patient developed severe trombocytopenia (CTC
grade 3), and another patient had cisplatin ex-
changed with paraplatin because of a moderate
decrease in renal function (CTC grade 2). One
patient developed a moderate hearing loss caused by
cisplatin (CTC grade2).

Table IV. 5-year survival probabilities for patients receiving
induction chemotherapy versus no induction chemotherapy

Induction No induction P-values
Chemotherapy chemotherapy
n =42 n=16
Local control 62% 63% 0.91
(SE =9%) (SE =14%)
Loco-regional control ~ 59% 63% 0.96
(SE =9%) (SE =14%)
Disease-free survival 57% 57% 0.83
(SE =9%) (SE =14%)
Opverall survival 37% 29% 0.36
(SE =9%) (SE =13%)

SE =Standard Error.

SE =Standard Error.
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Table V. Causes of death

Chemotherapy No Total
(attempt at  chemotherapy (attempt at

salvage) (attempt at salvage)
salvage)
Local recurrence 7 (3) 0 (0) 7 (3)
Regional 2 (1) 3 (1) 5 (2)
recurrence
Distant metastases 1 1 2
(loco-regionally
controlled
disease)
Intercurrent 11 8 19
disease
Treatment related 1 0 1

Seventeen patients (8 T3, 9 T4 =29%) were
noted to have complications or late effects from
their treatment. Four of these patients (1 T3, 3 T4),
who all experienced persisting pain and laryngeal
edema, developed local recurrences within
21 months after completing RT. Two patients, who
had both been treated with salvage laryngectomy,
postoperatively developed an esophageal stricture
and a fistula, respectively. One patient died of
pneumonia during his RT, and one died of aspiration
pneumonia one month after the completion of RT.
The remaining patients had the following complica-
tions or late effects: edema requiring temporary
tracheostomy (3 patients), edema not requiring
tracheostomy (3 patients), temporary pain and
swallowing difficulties (1 patient), xerostomia
(2 patients).

Discussion

The intention of the treatment policy for laryngeal
cancer practiced in this institution is to preserve a
functioning larynx whenever possible, without com-
promising survival. Our LC and LRC results for
advanced laryngeal cancer are clearly worse, com-
pared to the L.C and LRC for early glottic cancer in
our institution also treated with accelerated RT [1].
When compared to the results for advanced laryn-
geal cancer described in the literature, both for RT
and surgery, our results for T3 are in line with those
of others and those for T4 are well comparable and
perhaps among the better [3,7—14]. The results for
DFS follow well those for LRC. However, OS is
poor. Even for the group of patients who received
induction chemotherapy, OS was unsatisfactory
despite initial good performance status. Nineteen
patients dying of intercurrent diseases can explain
the poor OS. They comprise as many as 33% of the
study population. The most common causes of
death were second malignancies (mostly lung),

cardiovascular disease and pneumonia, which is
almost identical to what we have found for patients
with early laryngeal cancer [1]. Despite LC and
LRC, patients with laryngeal cancer appear to have a
high risk of dying of intercurrent diseases where one
common risk factor is likely to be cigarette smoking.
This implies that to increase cure of laryngeal
cancer, improvement of loco-regional control is
essential. However, to increase patient survival,
other measures must be taken.

Although not statistically significant, the results
for T4 tumors were generally better than for T3
tumors. This might partly be explained by the
somewhat higher mean age for the T3 patients and
the fact that there were more women among the T4
patients. Also, a larger proportion of the T3 patients
had a lower performance status, which was also the
reason for more T3 patients not receiving induction
chemotherapy (42% compared to 16% of the T4
patients). However, this still contradicts that T4
tumors are less curable when treated with definitive
radiotherapy compared to T3 tumors, which is a
common opinion in most centers. One explanation
could be the positive effect of accelerated RT.
Randomized trials on mostly intermediate-stage
and advanced head- and- neck cancer, not focusing
on laryngeal cancer exclusively, have shown that
hyperfractionation and acceleration can improve the
results of RT [15,16]. In the CHART trial for head
and neck cancers there was no significant improve-
ment in LRC with CHART, possibly because of the
lower total doses. However, a subgroup analysis was
performed for the laryngeal tumors, which showed a
trend towards a larger benefit of CHART for
patients with more advanced disease [17]. This
trend found in the CHART=trial supports our
results. Even stronger support for the superiority of
accelerated RT for loco-regional control of advanced
laryngeal cancer was found in the most recent
DAHANCA study [18]. It is possible that laryngeal
tumors with their particular biological pattern and
response to RT, which in many aspects differ from
other head and neck tumors, benefit more from
accelerated RT.

In this study we did not find any benefit on LRC
or survival for those patients who received induction
chemotherapy. However, only one patient in the
larger induction chemotherapy group developed
distant metastasis as the only site of failure. This
supports the hypothesis that induction chemother-
apy is beneficial for the prevention of distant disease
also in laryngeal cancer. The role of induction
chemotherapy for head and neck tumors is contro-
versial. One reason for its failure to be beneficial for
LC of radical RT could be the resulting increased
tumor repopulation after induction chemotherapy.
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In the present regimen such a repopulation is
possibly counteracted by the accelerated RT. A
recent meta-analysis by Pignon et al. [19] showed
that survival at 5 years was significantly increased
when chemotherapy was given concurrently with
radiation. The impact of induction chemotherapy
could be considered to be too low to be of clinical
value. In a subsequent analysis, however, consider-
ing studies restricted to induction chemotherapy
with cisplatin and 5-FU, 5-year survival was found
to be improved by 5%, which is close to the 8%
improvement for the concommitant schedules [20].
The toxicity profile shows that induction chemother-
apy with cisplatin and 5-FU can be combined with
an accelerated RT regimen. The experience of
accelerated RT and concurrent chemotherapy is
very limited. Considering the more severe acute
reaction associated with accelerated RT such a
combination should be handled with care. Concom-
mitant chemotherapy and conventionally fractio-
nated RT, however, was superior to induction
chemotherapy and RT and to RT alone for advanced
laryngeal cancer according to a recent phase III
study [21].

The criteria for classifying a tumor as T4, is
cartilage invasion, and/or extension of tumor to
other tissues beyond the larynx [4]. One can assume
that tumors with extension to other tissues beyond
the larynx in most cases are large volume tumors,
and a large tumor volume has been shown to be a
negative prognostic factor for the outcome of RT
[22,23]. Tumors classified as T4 due to cartilage
invasion on CT or MRI, however, could represent
either a large or a low tumor volume. Some advocate
that cartilage invasion by tumor represents a situa-
tion in which cure by RT is unlikely [24]. There are
today sufficient data to support that this is not the
case, as shown in a review by Million [25], and our
results could support this. In the present study
20 patients with T4 tumors with cartilage invasion
were cured of their laryngeal cancer by RT.

T3 or T4 classification can be difficult to make.
Many T4 tumors are underclassified as T3 and T3
tumors are overclassified as T4. CT and MRI are
helpful tools in the classification due to their ability
to detect cartilage invasion. However, they have their
limitations. CT is the most specific of the two
modalities (88—94%), but has a lower sensitivity
(64—66%) [25,26] which can result in understaging.
MRI has a higher sensitivity (89-95%), but is less
specific (76—84%) [26,27] which leads to oversta-
ging. T4 tumors should therefore not be excluded
from RT purely on the basis of the T4 classification.
It should be noted that the larynx preservation rate
for the patients still alive was high (91%) in this
study. A better basis for selecting patients for

laryngectomy should be opted for. For such an
improvement of selection we need a better under-
standing of the underlying biology and identification
of biological markers to be able to define the group
of patients who are likely to fail despite having
favorable tumors for cure by RT based on clinical
and diagnostic evaluation. However, there will al-
ways be a clinical reality where age, performance
status and co-morbid illness will select or exclude a
patient for a particular treatment modality, and in
some cases a laryngectomy may well be the most
lenient option.
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