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Abstract: Background. The aim of this study was to evalu-

ate whether repeated sessions of transoral CO2 laser microsur-

gery (TLM) aiming to achieve clear histologic margins carry a

negative effect on the prognosis of laryngeal cancer.

Methods. This was a retrospective evaluation of 763 cases

that underwent primary TLM treatment for laryngeal cancer.

Cases were compared for overall survival and local control

rates with respect to status of surgical margins and number of

procedures necessary to achieve these margins.

Results. No significant differences were noted among

cases with negative surgical margins regardless of the number

of procedures necessary to achieve these margins. On the

other hand, positive margins at the end of surgical treatment

carried significant negative prognostic effect.

Conclusion. The prognostic effect of negative surgical

margins in TLM for laryngeal cancer is significant regardless of

the number of procedures required to obtain such

margins. VVC 2009 Wiley Periodicals, Inc. Head Neck 32: 921–

928, 2010
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Multiple options are available for the treatment
of laryngeal cancer today.1–4 Certain features,
such as tumor exact location, the presence of
cartilage invasion, and patient and physician
choice influence the treatment decision.2,5 Dur-
ing recent years, a great focus toward improved
functional outcome has been given by most
physicians treating patients with laryngeal can-
cer.6 Consequently, a wide array of organ-preser-
vation surgeries for laryngeal cancer exists
today. New technology and instrumentation
have opened the way for endoscopic minimally
invasive strategies, whereas a renewed interest
has also been witnessed regarding open preser-
vation surgical techniques.6

Transoral CO2 laser microsurgery (TLM) has
evolved as an optimal therapy of early and
moderately advanced laryngeal carcinomas.7

TLM represents a minimally invasive surgical
approach which allows tumors to be removed
with minimal sacrifice of healthy tissue and
with retention of acceptable voice quality.8

Other advantages of TLM include low morbidity
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and mortality, avoidance of tracheostomy, shorter
periods of hospitalization, and low costs.9,10

In addition, TLM has repeatedly demonstrated
cure rates for early laryngeal cancer compara-
ble to those of open surgery or primary
radiotherapy.10,11

In every surgical procedure for the treatment
of cancer, the significance of tumor-free surgical
margins cannot be overemphasized.12,13 It has
been widely accepted that complete excision of a
tumor at the primary site is essential to ensure
local control.14–16 Patients with positive resec-
tion margins have significantly higher rates of
local recurrence and often exhibit decreased
survival.12–16 Therefore, the aim of any tumor
surgery with therapeutic intent should be his-
tologically confirmed disease-free margins.12

The application of TLM for the treatment of la-
ryngeal cancer offers significant advantages
with regard to margin control, as it allows for
easy, repeated, and direct access to the tumor
site.5,12,17,18 With the use of TLM, no need exists
to re-raise the surgical flaps as the surgical
wound always remains open.5 This technique is,
therefore, ideal for additional sessions and re-
resection whenever surgical margins are found
postoperatively to be compromised. This study
aimed to evaluate whether multiple sessions of
TLM aiming to achieve clear histologic margins
carry a negative effect on the prognosis of laryn-
geal cancer.

MATERIALS AND METHODS

A retrospective study was conducted at an aca-
demic tertiary referral center (Department of
Otorhinolaryngology, Head and Neck Surgery,
University of Erlangen – Nuremberg Medical
School, Erlangen, Germany). Relevant approval
from the institutional review board of the hospi-
tal was obtained. The files of all patients who
underwent primary TLM treatment for laryn-
geal cancer between 1978 and 2003 were
reviewed. Patients with insufficient data, sys-
temic disease at the time of diagnosis, histology
other than squamous cell carcinoma, and
patients with second primary tumors at the
time of diagnosis were excluded. Consequently,
a total of 763 subjects formed the final cohort of
this study.

Patients were divided into the following 3
groups: group 1 included cases in which nega-
tive histologic margins (R0) were obtained with

a single procedure, whereas group 2 included
cases in which more than 1 operation had been
necessary to achieve R0 status. Group 3
included subjects where negative histologic mar-
gins could not be achieved and, therefore, had
positive margins at the end of surgical treat-
ment (Rþ). Subjects in each group were further
subdivided according to T and N classification of
disease. Early local disease subgroups included
Tis, T1, and T2 tumors, whereas advanced local
disease subgroups included T3 and T4 tumors.
The N classification subgroups were formed
according to presence or not of regional metasta-
ses, (pNþ and N0/pN0, respectively). Staging
was conducted according to the 2002 American
Joint Committee on Cancer (AJCC) and Union
Internationale Contre le Cancer (UICC) classifi-
cation.19 The terms T and N indicate primary
tumor and lymph node classification,
respectively.

All pathology reports were reviewed and sur-
gical margins characterized by the presence of
invasive carcinoma at the edge of resection on
permanent section pathology defined as positive.
Accordingly, surgical margins not characterized
by the presence of invasive carcinoma at the
end of resection were defined as negative.
Groups were compared for overall survival rates
and local disease control rates. Overall survival
representing the total mortality rate of patients
was calculated as the percentage of patients
alive for more than 5 years divided by the total
number of patients. Local disease control reflect-
ing the analysis of tumor recurrence in the pri-
mary site was calculated from the date of
surgery to the date of local recurrence diagnosis
or date of last follow-up. Additional data that
were collected and placed in the database
included concurrent treatment of the neck and
postoperative radiotherapy. Statistical analysis
was performed using the Kaplan–Meier method
with 95% intervals. The software SPSS Version
16 (SPSS, Chicago, IL) for Microsoft Windows
was used for the analysis. A p value of less than
.05 was considered significant.

RESULTS

Among the 763 patients that were finally
included in the study, 715 were men (93.7%)
and 48 were women (6.3%). The male-to-female
ratio was approximately 15:1. Mean age in the
whole study group was 62 years, ranging from
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15 to 91 years. Mean follow-up period was 88.6
months and ranged from 1 to 349.5 months.
Group 1, where free margins had been achieved
with a single operation, comprised of 580
patients (76%). Group 2, where more than
1 operation was necessary to achieve tumor-free
margins, included 133 patients (17.4%). Two
operations had been sufficient for the vast ma-
jority of subjects in this group (126 patients),
whereas up to 4 sessions were necessary in
7 cases. Finally, group 3, which included
patients with positive margins at the end of sur-
gical treatment, contained 50 patients (6.6%).
Epidemiologic and disease-specific characteris-
tics of patients from all 3 groups are presented
in Table 1. Detailed distribution of cases from
each group according to local stage of disease
and adjuvant treatment is presented in Table 2.

Survival rates and local control rates for
each of the 3 groups are shown in Table 3. No
significant differences were noted between
groups 1 and 2 with regard to survival (p ¼
.434) and local control (p ¼ .898) rates. On the
other hand, group 1 showed significantly better

survival and local control rates compared with
group 3 (p < .0001). Group 2 also showed signif-
icantly better survival and local control rates
compared with group 3 (p < .0001). Figure 1
shows Kaplan–Meier analysis of overall survival
from all 3 groups.

Survival and local control rates among
patients with early disease, according to T and
N classification from each group, are presented
in Table 4. Rates regarding overall survival (p ¼
.932) and local control (p ¼ .668) were again
comparable between groups 1 and 2. Early T
and/or N classification cases from group 1, on
the other hand, showed significantly better sur-
vival (p ¼ .005 and p < .0001, respectively) and
local control (p ¼ .024 and p < .0001, respec-
tively) rates compared with group 3. Similarly,
early T and/or N classification cases from group
2 had significantly superior survival (p ¼ .025
and p < .0001, respectively) and local control (p
¼ .0075 and p < .0001, respectively) rates com-
pared with group 3 (Table 4). Kaplan–Meier
analysis of overall survival and local control of
patients with early T classification disease from
each group is shown in Figure 2. Cases with
locally and/or regionally advanced tumors were
not compared separately as the number of
patients was not sufficient in every group for
statistical evaluation.

In total, 146 patients underwent neck dissec-
tion in our series. In 47 cases, dissection was

Table 1. Epidemiologic and disease specific characteristics of patients from all 3 groups.

Group 1 Group 2 Group 3

No. of patients 580 133 50

Age, mean, y 62.1 59.7 66.2

Male (%) 542 (93.4%) 127 (95.5%) 46 (92%)

Early T classification (%) 513 (88.4%) 117 (88.0%) 29 (58%)

Advanced T classification (%) 67 (11.6%) 16 (12.1%) 21 (42%)

N0 classification (%) 502 (86.6%) 120 (90.2%) 33 (66%)

Nþ classification (%) 78 (13.4%) 13 (9.8%) 17 (34%)

Note. Group 1: cases in which negative histological margins (R0) were obtained with a single procedure. Group 2: cases in which more than 1 opera-
tion had been necessary in order to achieve R0 status. Group 3: subjects with positive margins at the end of surgical treatment. Early T classification:
Tis, T1, and T2 tumors. Advanced T classification: T3 and T4 tumors. N0 classification: N0 and/or pN0 tumors. Nþ classification: N1, N2, and N3 tumors.

Table 2. Detailed distribution of cases from each group

according to local stage of disease and adjuvant treatment.

No. of cases (%)

Group 1 Group 2 Group 3

T classification

Tis 19 (3.3) 4 (3.0) 0 (0)

1 277 (47.7) 69 (51.9) 13 (26.0)

2 217 (37.5) 44 (33.1) 16 (32.0)

3 23 (3.9) 7 (5.3) 11 (22.0)

4 44 (7.6) 9 (6.7) 10 (20.0)

Adjuvant treatment 92 (15.8) 14 (10.5) 30 (60.0)

Note. Group 1: cases in which negative histological margins (R0) were
obtained with a single procedure. Group 2: cases in which more than 1
operation had been necessary in order to achieve R0 status. Group 3:
subjects with positive margins at the end of surgical treatment. Adju-
vant treatment: radiotherapy with or without chemotherapy.

Table 3. Overall survival and local disease control rates for

each of the 3 groups separately.

Group 1 Group 2 Group 3

5-year survival rates, % 71.3 74.2 40.2

Local control rates, % 66.0 69.6 40.4

Note. Group 1: cases in which negative histological margins (R0) were
obtained with a single procedure. Group 2: cases in which more than 1
operation had been necessary in order to achieve R0 status. Group 3:
subjects with positive margins at the end of surgical treatment.
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performed bilaterally. Almost half of group 3
cases underwent some form of neck dissection,
whereas the rest of the procedures were almost
evenly distributed among groups 1 and 2. Indi-
cations for neck dissection mainly included pre-
surgical positive status of lymph nodes,
advanced T classification, and anatomic location
of the primary tumor other than the glottis. In
cases of N0 necks, a lateral selective neck dissec-
tion was performed, whereas cases with clini-
cally positive lymph nodes underwent modified
radical neck dissection. Postoperative radiother-
apy, either alone or combined with chemother-
apy, was performed in 136 patients. Thirty of
these cases belonged to group 3, whereas the
rest were almost evenly distributed among
groups 1 and 2. Indications for radiotherapy
generally included advanced local and/or re-
gional disease, extracapsular tumor spread, and
infiltration of lymph vessels or nerves on perma-
nent histology. None of the early T classification
cases from groups 1 or 2 received postoperative

radiotherapy. Group 3 patients were postopera-
tively managed by either radiotherapy, some-
times combined with chemotherapy, or close
follow-up, leaving further treatment for later, if
indicated. Survival and disease control rates of
group 3 patients according to the type of postop-
erative management are shown in Table 5.

DISCUSSION

The histologically confirmed presence of tumor
at the resection margin of a surgical specimen is
described in the literature as a positive tumor
margin.15,19 Nevertheless, the size of an oncolog-
ically safe resection margin is an issue under
debate and seems to depend on the anatomic
site.13,15 With regard to the head and neck
region, oral cavity and pharyngeal tumors have
shown an increased propensity for submucosal
spread warranting perhaps a wide resection
margin.13,20 On the other hand, wide surgical
margins seem to be of minor importance in the
larynx as these have not been associated with
better local control rates.13,20 Moreover, wide
margins could have a negative effect on func-
tional outcome when organ preservation surgery
is performed. Consequently, in this series, surgi-
cal margins have been considered as positive
whenever invasive carcinoma was present at
the border of resection on permanent histology
sections.

It has been previously established that
patients with head and neck cancer exhibiting
positive resection margins have significantly
higher rates of local recurrence and even show
decreased survival.12,14,15 Postoperative treat-
ment, including radiotherapy, is not able to even
out the negative prognostic impact of compro-
mised surgical margins.4,15,16 In a previous
study, Jackel et al12 have shown that the prog-
nostic value of negative resection margins is not
lost even when a second laser procedure is nec-
essary to achieve such margins. In the same

FIGURE 1. Kaplan–Meier analysis of overall survival for each of

the 3 groups. Group 1: cases in which negative histologic mar-

gins (R0) were obtained with a single procedure. Group 2:

cases in which more than 1 operation had been necessary to

achieve R0 status. Group 3: subjects with positive margins at

the end of surgical treatment. [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.]

Table 4. Overall survival and local disease control rates for cases with early disease from each of the 3 groups.

Group 1 Group 2 Group 3

Early T classification N0 Early T classification N0 Early T classification N0

5-year survival rates, % 75.4 75.0 72.3 75.6 49.7 38.3

Local control rates, % 70 69.6 69.7 70.5 49.7 38.3

Note. Group 1: cases in which negative histological margins (R0) were obtained with a single procedure. Group 2: cases in which more than 1 opera-
tion had been necessary in order to achieve R0 status. Group 3: subjects with positive margins at the end of surgical treatment. Early T classification:
Tis, T1, and T2 tumors. N0 classification: N0 and/or pN0 tumors.
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study, patients in whom re-resection margins
were positive for tumor showed increased risk of
locoregional failure. Nevertheless, a diverse

group of patients with carcinomas of the whole
upper aerodigestive tract were presented in that
study. Knowledge regarding the prognostic
effects of positive surgical margins specifically
for patients with laryngeal cancer remains lim-
ited.13 Moreover, the prognostic effect of multi-
ple laser microsurgical operations specifically
for laryngeal cancer has not been previously
assessed.

In the present study, no statistically signifi-
cant differences were noted with regard to sur-
vival and local control rates when comparing
patients with negative resection margins after 1
(group 1) or multiple surgical procedures (group
2, Table 3). On the other hand, patients with
negative histologic margins at the end of surgi-
cal treatment (groups 1 and 2), showed signifi-
cantly better survival and local control rates
compared with patients with positive resection
margins (group 3, Table 3, Figure 1). It should
be noted here that group 3 contained a signifi-
cantly larger percentage of patients with
advanced disease, as shown in Table 1. To even
out this discrepancy, cases with early local (Tis,
T1, T2) and/or regional (N0) disease from each
group were separately evaluated (Table 4).
These were selected because they represented
the majority of cases in which TLM was applied,
showing sufficient numbers for statistical evalu-
ation in every group. Again, survival and local
control rates were comparable between groups 1
and 2, and significantly better when comparing
either 1 with group 3 (Table 4, Figure 2).
Unfortunately, a stage-by-stage comparison
among the 3 groups was not feasible in this
study because the respective number of cases in
each group were not always sufficient for statis-
tical evaluation. The only exception was stage II
where all groups contained a sufficient amount
of cases. There, oncologic results still remained
comparable between groups 1 and 2, and signifi-
cantly better when comparing either 1 with
group 3.

FIGURE 2. Kaplan–Meier analysis of (a) overall survival, and

(b) local control, for patients with early local disease (Tis, T1,

and T2 classification tumors) from each of the 3 groups. Group

1: cases where negative histologic margins (R0) were obtained

with a single procedure. Group 2: cases where more than 1

operation had been necessary to achieve R0 status. Group 3:

subjects with positive margins at the end of surgical treatment.

[Color figure can be viewed in the online issue, which is avail-

able at www.interscience.wiley.com.]

Table 5. Overall survival and local disease control rates of subjects with positive margins at the end of surgical treatment (group 3),

according to type of postoperative management.

Radiotherapy (þ/� chemotherapy) Follow-up

Early T classification N0 Total Early T classification N0 Total

No. of patients 13 19 30 16 14 20

5-year survival, % 44.9 40.9 35.9 54.5 33.8 48.2

Local control, % 44.9 40.9 35.9 54.5 33.8 48.2

Note. Cases with early local and/or regional disease from this group are separately evaluated. Early T classification: Tis, T1, and T2 tumors. N0 classifi-
cation: N0 and/or pN0 tumors.
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It becomes clear that the prognostic effect of
negative surgical margins is quite significant
regardless of the number of procedures required
to obtain such margins. Therefore, it should be
highly recommended to admit patients for revi-
sion surgery whenever residual disease is found
on the resection borders of permanent histology
sections. The use of laser in these situations is
ideal, as previously mentioned, because it offers
easy and direct access to the tumor site within
the larynx. Consequently, re-resection with the
use of laser should be unproblematic.5,12 More-
over, in the majority of patients with positive
surgical margins after 1 procedure, tumor-free
margins should be feasible with subsequent pro-
cedures. In our series, of 183 patients with posi-
tive margins at the end of the first procedure,
negative margins were finally obtained in 133
patients (72.6%). Two operations were usually
sufficient in these cases, but up to 4 procedures
had been rarely necessary. Jackel et al12 pre-
sented cases in which a maximum of 2 proce-
dures were performed and patients with
residual disease after re-resection were admit-
ted for adjuvant radiotherapy or follow-up. The
authors suggested, however, that additional ses-
sions for further excision should be undertaken
whenever revision specimens are positive. This
is especially true in cases in which no other
treatment is planned.12 Results in our series
tend to agree with this suggestion, although the
number of cases in which more than 2 proce-
dures were performed is not sufficient to be stat-
istically evaluated.

We have utilized a standard piecemeal tech-
nique for laser excision in our institution. This
technique allows narrow margin control with
maximum preservation of function. Frozen sec-
tion control is necessary with this method as an
indicator for further resection. Nevertheless, fro-
zen sections do not always correlate with perma-
nent pathology.21 In our practice, we typically
perform frozen section histology at the end of
the excision and if results are positive further
resection is undertaken. The newly excised
tissue is then sent for permanent pathology
examination. Whenever the margins of these
specimens contain residual disease, an addi-
tional operation is immediately planned. The
low morbidity and mortality of TLM greatly
facilitate this decision.5 It should be noted here
that TLM may pose increased difficulties in
order for pathologists to reliably assess the sta-
tus of tumor resection margins.7,8,12 Reasons for

this discrepancy are related to the nature of
the CO2 laser itself and include tissue contrac-
tion and evaporation, heat artifacts, or even
small size of samples.12 Such difficulties often
result in surgical margins falsely assessed as
positive or undetermined on permanent histol-
ogy.8,12 Therefore, a high rate of tumor-free
specimens on laser revision surgery should be
expected.12

In our series, negative margins were accom-
plished with a single operation in 580 (76%) of
763 cases. In 133 cases (17.4%), more than 1
session (2 sessions in the vast majority) were
necessary to obtain free surgical margins. The
total number of cases with negative margins
attained at the end of surgical treatment was
713 (93.4%), suggesting that negative tumor
margins represent a very realistic goal of laryn-
geal cancer treatment with the application of
TLM. Finally, in 50 patients (6.6%), free mar-
gins were not achieved by surgical treatment.
These patients either refused to undergo further
surgery or were considered unsuited candidates
due to other reasons, such as general health
status.

Factors that could probably be linked to an
increased incidence of positive surgical margins,
including specific anatomic location or local
extent of disease, were not further assessed in
this study. Nevertheless, previous reports have
shown that certain anatomic sites, such as the
anterior commissure, might be correlated with
difficulties in obtaining clear margins leading to
increased recurrence rates. Interestingly, recur-
rence rates remain increased even in anterior
commissure cases with negative surgical mar-
gins on permanent histology.10,22 A higher
necessity for repeated operations in this group
of patients has, therefore, been noted and even
conduction of a routine second-look procedure
has been proposed.10 The issue of tumor size
seems to be even more complex. According to
common sense, one would expect a higher inci-
dence of positive surgical margins when manag-
ing locally extended carcinomas. Results from
our series are in agreement with this assump-
tion, as the proportion of advanced T classifica-
tion tumors in group 3 was greater compared to
groups 1 and 2. On the other hand, it has been
previously suggested that even small tumors
could be characterized by increased incidence of
compromised margins.12 This may be due to the
fact that surgeons are particularly concerned
with a highly satisfactory functional outcome
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when operating on patients with early local dis-
ease. For this reason, they tend to sacrifice as
little macroscopically healthy tissue as possible,
especially when treating tumors confined in the
glottic area. The fact that a subsequent re-oper-
ation, if dictated by permanent histology, will
not carry a negative effect on local disease con-
trol and survival, as has been shown in this
study, provides a positive argument for this
approach.

Postoperative management of patients with
positive surgical margins is a controversial
issue.12,13 Radiation therapy is a well estab-
lished mode of treatment for laryngeal can-
cer.5,23 It has been therefore suggested that
whenever surgical margins are compromised,
postoperative radiotherapy may protect patients
from local and/or regional recurrences.12 On the
other hand, it has also been suggested that close
follow-up might represent the best treatment
option for these cases because radiation therapy
has been known to compromise functional recov-
ery and also prevent early detection of recur-
rences.13 In our series, subjects with positive
margins at the end of surgical treatment (group
3), were either treated by postoperative radio-
therapy, sometimes combined with chemother-
apy, or received no adjuvant treatment and
were placed on close follow-up, leaving further
treatment for later if necessary. The decision on
the type of management was based on various
factors including patient choice, reliability for
close clinical surveillance, general health status,
and effect of adjuvant treatment on functional
outcome. No significant differences were noted
between the 2 subgroups with regard to survival
and local disease control rates. Results re-
mained comparable even when cases with early
disease from group 3 were separately evaluated
(Table 5). These results suggest that close fol-
low-up and treatment of patients later, if neces-
sary, is the most valid option for cases with
positive surgical margins if additional surgery
cannot be undertaken.

In conclusion, the prognostic effect of nega-
tive surgical margins in TLM is quite significant
regardless of the number of procedures required
to obtain such margins. It is, therefore, highly
recommended to admit patients for revision
laser surgery whenever residual disease is
found on the resection borders of permanent his-
tology sections. If additional surgery cannot be
undertaken, close follow-up, rather than radio-

therapy, seems to be the most valid manage-
ment option.
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