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a b s t r a c t

Background: Our previous individual patient data (IPD) meta-analysis showed that chemotherapy
improved survival in patients curatively treated for non-metastatic head and neck squamous cell carci-
noma (HNSCC), with a higher benefit with concomitant chemotherapy. However the heterogeneity of
the results limited the conclusions and prompted us to confirm the results on a more complete database
by adding the randomised trials conducted between 1994 and 2000.
Methods: The updated IPD meta-analysis included trials comparing loco-regional treatment to loco-regio-
nal treatment + chemotherapy in HNSCC patients and conducted between 1965 and 2000. The log-rank-
test, stratified by trial, was used to compare treatments. The hazard ratios of death were calculated.
Results: Twenty-four new trials, most of them of concomitant chemotherapy, were included with a total of
87 trials and 16,485 patients. The hazard ratio of death was 0.88 (p < 0.0001) with an absolute benefit for
chemotherapy of 4.5% at 5 years, and a significant interaction (p < 0.0001) between chemotherapy timing
(adjuvant, induction or concomitant) and treatment. Both direct (6 trials) and indirect comparisons
showed a more pronounced benefit of the concomitant chemotherapy as compared to induction chemo-
therapy. For the 50 concomitant trials, the hazard ratio was 0.81 (p < 0.0001) and the absolute benefit 6.5%
at 5 years. There was a decreasing effect of chemotherapy with age (p = 0.003, test for trend).
Conclusion: The benefit of concomitant chemotherapy was confirmed and was greater than the benefit of
induction chemotherapy.

� 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 92 (2009) 4–14
Head and neck (oral cavity, oropharynx, hypopharynx, and lar-
ynx) squamous cell carcinomas (HNSCC) occur frequently with
over 500,000 new cases diagnosed worldwide each year [1]. Our
previous individual patient data meta-analysis of randomised trials
showed that chemotherapy improved survival in non-metastatic
HNSCC treated by surgery and/or radiotherapy (hazard ratio [HR]
of 0.90, 95% confidence interval [CI] 0.85–0.94) with an overall
4% benefit at 5 years, from 32% to 36% [2]. Chemotherapy can be
administrated before, at the same time or after loco-regional treat-
ment corresponding to induction, concomitant or adjuvant chemo-
therapy. A greater benefit (8%) was observed in trials that gave
chemotherapy concomitantly to radiotherapy. The meta-analysis
pooled the data from trials performed between 1965 and 1993. Cis-
platin started to be used in head and neck randomised trials in the
early 80s. The observed heterogeneity of the results required cau-
d Ltd. All rights reserved.
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tious conclusions; indeed, five trials which represented about 7% of
the data explained most of the heterogeneity and when they were
excluded the higher benefit of concomitant chemotherapy disap-
peared [3]. Therefore the MACH-NC group decided to confirm the
results by updating its database with the inclusion of the random-
ised trials performed between 1994 and 2000. Preliminary results
were published in 2007 in a short report [4].

Materials and methods

The methods were pre-specified in a protocol (copy available on
request).

Eligibility criteria

Trials were eligible if they had accrued previously untreated pa-
tients with HNSCC and compared loco-regional treatment with
loco-regional treatment plus chemotherapy. Each trial had to be
randomised in a way that those entering patients could not know
in advance which treatment an individual would receive (avoiding
the potential of allocation bias). Trials were eligible if accrual was

mailto:jppignon@igr.fr
http://www.sciencedirect.com/science/journal/01678140
http://www.thegreenjournal.com


J.-P. Pignon et al. / Radiotherapy and Oncology 92 (2009) 4–14 5
completed before 31st December 2000, and if all randomised pa-
tients had undergone a potentially curative loco-regional treat-
ment and had not been treated for another malignancy. Trials
concerning tumours of the oral cavity, oropharynx, hypopharynx
and larynx were included. Trials including only nasopharyngeal
carcinomas were excluded.

Identification of trials

To avoid publication bias, both published and unpublished trials
were included. Searches of Medline, Clinprot and Embase were
supplemented with hand searches of meeting abstracts (ASCO, ES-
TRO, ASTRO, ESMO, ECCO) and references in review articles. Trial
registers (PDQ, ClinProt, CCT mega-register) were consulted. Ex-
perts and all trialists who took part in the meta-analysis were also
asked to identify trials.

Data

The data collected for each patient were: age, sex, tumour site,
TNM or stage, performance status, treatment allocated, and date of
randomisation. The date and site of the first recurrence, the date of
second primary cancer and the cause of death were also collected.
This last variable was only available for the recent trials. Updated
information on survival status and date of last follow-up were
collected.

All data were checked for internal consistency and were com-
pared with the trial protocol and published reports. Range checks
were performed and extreme values were verified with the trial-
ists. Each trial was analysed individually, and the resulting survival
analyses along with trial data were sent to the trialists for review.

Analysis

The main endpoint was overall survival. Event-free survival,
cumulative loco-regional, and distant failure were secondary end-
points as were cancer and non-cancer mortality. Deaths attributed
to causes other than head and neck cancer with no reported recur-
rence of head and neck cancer were described as ‘‘non-head and
neck cancer deaths”. All other deaths were described as ‘‘head
and neck cancer deaths” including deaths from head and neck can-
cer, deaths from any cause after recurrence and deaths from un-
known cause without reported recurrence.

All analyses were carried out on an intention-to-treat basis, i.e.,
all randomised patients were analysed in the allocated treatment
group, irrespective of their actual treatment. Trials were divided
into three groups according to the timing of chemotherapy: adju-
vant, induction (also called neo-adjuvant) and concomitant as pre-
viously described [2].

Statistics

The median follow-up time was computed according to the re-
verse Kaplan Meier method by censoring deaths and using as
events those censored in the Kaplan Meier method [5]. Survival
analyses were stratified by trial, and the log-rank observed minus
expected number of deaths (O � E) and its variance were used to
calculate individual and overall pooled hazard ratios (HRs) using
a fixed effect model [6]. To prevent late recurrences from biasing
the analyses of cause-specific mortality, the log-rank analysis of
non-head and neck cancer mortality covered only the period before
recurrence (i.e., data are censored at the first recurrence) [7]. An
unbiased – although potentially diluted – log-rank analysis of head
and neck cancer mortality was obtained indirectly by subtracting
the log-rank statistic for non-head and neck cancer mortality from
the log-rank statistic for mortality from all causes (i.e., the two ob-
served values are subtracted from each other, the two expected
values are subtracted from each other, and the two variances are
subtracted from each other). Then, this method takes into account
the competing risk between the two types of mortality. Heteroge-
neity between trials and groups was investigated using Chi-square
tests [8] and the I2 index [9] that expresses the percentage variabil-
ity of the results related to heterogeneity rather than to the sam-
pling error. To study the interaction between treatment and a
covariate, an analysis stratified by trial was performed for each
covariate group, and the HRs for each covariate group (e.g. men
and women), were compared by a test for interaction or trend as
appropriate. Stratified survival curves were computed for control
and experimental groups and were used to calculate absolute ben-
efit at 2, and 5 years [10]. The absolute benefit depends on hazard
ratio and survival rate. All p-values were two sided.
Results

The meta-analysis included 87 randomised trials (16,485 pa-
tients) comparing loco-regional treatment versus the same loco-re-
gional treatment + chemotherapy. The trials included in the
previous MACH-NC meta-analysis have been described previously
[2]. Twenty-four new trials (5744 patients) evaluated chemother-
apy concomitant with radiotherapy. One trial [5 of the Web-appen-
dix] evaluated both adjuvant and concomitant chemotherapy. Data
from one trial [11] that included 86 patients were lost, and two tri-
als [12] including 2172 patients were excluded after blind review
because of potential bias in patients follow-up. Two trials (EORTC
22954 and 22962, 116 patients) were unpublished. We were able
to collect data from 655 of the 791 randomised patients that had
been excluded from the original published analyses. Updated fol-
low-up was obtained for most of the trials and the overall median
follow-up was 5.6 years. Because some trials had strata that corre-
sponded to different loco-regional treatments or chemotherapies,
and because some trials had 3-arms or a 2 by 2 design, some trial
arms were utilised twice, such that the number of comparisons in
the meta-analysis was 108 and the number of patients was
17,493. The description of the new trials included and their refer-
ences can be found in Web-Table 1. The distribution of the treat-
ment comparison according to timing of chemotherapy, type of
loco-regional treatment, type of chemotherapy and period of ac-
crual is given in Web-Table 2. The description of the overall popu-
lation is given in Web-Table 3.

Effect of concomitant chemotherapy

The following analyses concern the 50 concomitant trials includ-
ing 9615 patients (6560 deaths) with a median follow-up of 5.6 years.

Overall and event-free survival
The hazard ratio of death (Fig. 1a and Web-Fig. 1) was 0.81 (95%

confidence interval: 0.78–0.86; p < 0.0001) in favour of chemother-
apy with an absolute benefit of 6.5% at 5 years (Fig. 2a). The magni-
tude of the benefit was identical for the 1965–1993 trials and the
1994–2000 trials, without significant heterogeneity (p = 0.27) in
the most recent trials. Excluding trials with less than 80 patients,
or performed before 1980, or with a follow-up shorter than 5 years
led to similar results (sensitivity analysis, Web-Table 4a). Analysis
without arm duplication led to similar results (Web-Table 4a). In
the recent trials, it was possible to separate cancer and non-cancer
deaths. Cause of death was missing in less than 4% of the patients
without recurrence. The benefit of chemotherapy was due to its ef-
fect on deaths related to head and neck cancer (HR 0.78 [0.73–0.84],
p < 0.0001; Fig. 3) and with no effect on non-cancer deaths (0.96
[0.82–1.12], p = 0.62).
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Fig. 1. Hazard ratio with loco-regional treatment plus chemotherapy versus loco-regional treatment alone by timing of chemotherapy. (a) Hazard ratio of death; (b) hazard
ratio of recurrence or death. The broken line and centre of the black diamond correspond to overall pooled hazard ratio (HR) and the horizontal tip of the diamond is the 95%
confidence interval (CI). The centre of black square corresponds to the HR of different types of chemotherapies. The area of the square is proportional to the number of deaths
in each trial (or group of trials). CT, chemotherapy; LRT, loco-regional treatment; RT, radiotherapy; O � E, observed minus expected.
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Similar results were observed for event-free survival, with a
hazard ratio of 0.79 (0.76–0.83; p < 0.0001, Fig. 1b) and an absolute
benefit of 6.2% at 5 years (from 23.1% to 29.3%).

Subset analyses
The benefit of chemotherapy on survival did not differ signifi-

cantly (test for interaction, p = 0.14) between the group of trials
with postoperative radiotherapy (HR 0.79 [0.68–0.91]), or curative
radiotherapy with conventional (HR 0.83 [0.78–0.88]) or altered
fractionation (HR 0.73 [0.65–0.82]; Web-Table 5). No significant
difference (p = 0.19) was seen between mono-chemotherapy (HR
0.84) and poly-chemotherapy (HR 0.78). In the poly-chemotherapy
group, the effect of chemotherapy was not significantly different
(p = 0.41) between the different sub-groups: with cisplatin or car-
boplatin (platin) and 5-fluorouracil (5-FU), with either platin or 5-
FU or with neither (Fig. 4). In the mono-chemotherapy group, the
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Fig. 2. Survival curves by treatment arm for all trials and for the three groups of trials according to the timing of chemotherapy. The slopes of the broken lines from year 7 to
year 8 are based on the overall death rates in the seventh and subsequent years. (a) Concomitant chemotherapy; (b) induction chemotherapy; (c) adjuvant chemotherapy; (d)
all three groups together. Absolute differences are given with their standard error.
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effect of chemotherapy was significantly higher (p = 0.006) with
platin than with other types of mono-chemotherapies (Fig. 4). Only
five trials used carboplatin: two alone, and three with 5-FU (Web-
Table 1 and Reference 2).

Sub-group analyses
Fig. 5 shows the effect of chemotherapy on survival according

to patient characteristics. The only statistically significant result
was a decreasing effect of chemotherapy on survival with
increasing age (test for trend, p = 0.003; Fig. 5b). This effect could
not be explained by an imbalance in the other covariates studied
(data not shown). There was no significant variation of chemo-
therapy effect according to patient characteristics for event-free
survival (data not shown). The cause of death was available only
for the recent trials (1994–2000) and varied markedly according
to age. As might be expected, the proportion of deaths not due
to head and neck cancer increased progressively with age from
15% in patients less than 50–39% in patients 71 and over.
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Fig. 4. Hazard ratio of death with loco-regional treatment plus concomitant chemotherapy versus loco-regional treatment alone by type of chemotherapy. CT, chemotherapy.
The test of heterogeneity on the bottom corresponds to the comparison of the HRs for poly and mono-chemotherapy. The tests of interaction on the right correspond to the
comparison of the HR of the type of chemotherapy within the poly-chemotherapy and mono-chemotherapy groups of trials.
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Effect of induction chemotherapy
The following analyses concern 31 induction chemotherapy tri-

als including 5311 patients (3690 deaths) with a median follow-up
of 6.1 years. The HR of death (Fig. 1a and Web-Fig. 2) was 0.96
([0.90–1.02] p = 0.18) in favour of induction chemotherapy with
an absolute benefit of 2.4% at 5 years (Fig. 2b). There was no signif-
icant (p = 0.23) variation of the effect according to the type of che-
motherapy: 0.90 (0.82–0.99) for 5-FU-platin, 1.01 (0.91–1.12) for



(a) by sex, performance status, stage and tumour site
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Fig. 5. Hazard ratio of death with loco-regional treatment plus concomitant chemotherapy versus loco-regional treatment alone by patient characteristics. (a) By sex,
performance status, stage and tumour site; (b) by age. p_heter: p-value of the test of heterogeneity, p_trend: p-value of the test for trend.

J.-P. Pignon et al. / Radiotherapy and Oncology 92 (2009) 4–14 9
other poly-chemotherapy, 0.99 (0.84–1.18) for mono-chemother-
apy (no trial with platin). Sensitivity analyses are reported in
Web-Table 4b. Similar results were observed for event-free sur-
vival, with a hazard ratio of 0.99 (0.93–1.05; p = 0.67) and an abso-
lute benefit of 1.3% at 5 years (from 26.3% to 27.6%). The hazard
ratios of death were not significantly different (p = 0.68) between
trials using radiotherapy alone, surgery plus postoperative radio-
therapy or other loco-regional treatment (Web-Table 5). There
was no clear evidence of a differential effect of induction chemo-
therapy on survival according to age, sex, performance, stage or tu-
mour site.

Comparison of concomitant and induction chemotherapy

Direct comparison
This analysis concerns the 6 randomised trials which have used

the same drugs in both arms, and compared the timing of their use
relatively to radiotherapy. These trials have included a total of 861
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patients (717 deaths) with a median follow-up of 10.9 years. The
trials and the patients of this analysis have been described previ-
ously [2]. Data for event-free survival and loco-regional failure
were available for 5 trials. Data on distant failure were missing
for most of the trials. The three endpoints studied (Fig. 6) showed
results in favour of the concomitant group: hazard ratio of 0.90 for
overall survival (p = 0.15) with an absolute benefit of 3.5% at
5 years (from 24.3 to 27.8; Fig. 6b); hazard ratio of 0.81 for
event-free survival (p = 0.01); hazard ratio of 0.77 for loco-regional
failure (p = 0.005). The corresponding hazard ratio plots are given
in Web-Fig. 4a, b and c.

Indirect comparison
This analysis is based on the comparison of the chemotherapy

effect observed in the 50 concomitant chemotherapy trials and in
31 induction chemotherapy trials mentioned above.

Overall survival
The observed benefit of chemotherapy was significantly greater

in the concomitant group (HR 0.81 [0.78–0.86]) than in the induc-
tion group (HR 0.96 [0.90–1.02]; test for interaction p < 0.0001). A
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significant difference was also observed in favour of concomitant
chemotherapy when the analysis included only trials with 5-FU-
platin (p = 0.01).

Cumulative loco-regional and distant failure
Data on loco-regional failure were available for 50 concomitant

and 30 induction trials, respectively, whereas the data for distant
metastasis were available for 44 concomitant and 26 induction tri-
als, respectively. Regarding loco-regional failure, the benefit of con-
comitant chemotherapy was significant (HR 0.74 [0.70–0.79]
p < 0.0001; p for heterogeneity 0.006; I2 = 34%), but there was no
such effect of induction chemotherapy (HR 1.03 [0.95–1.13];
p = 0.43; p for heterogeneity p < 0.0001; I2 = 63%; Fig. 7a). The two
hazard ratios were significantly different (p < 0.0001) in favour of
the concomitant group. The difference between concomitant and
induction chemotherapies was even more pronounced when the
combination of 5-FU-platin was considered (HR 0.66 versus 1.02,
p < 0.0001, Fig. 7b). Regarding distant failure, the benefit of con-
comitant chemotherapy appeared significant with a hazard ratio
of 0.88 [0.77–1.00] p = 0.04; p for heterogeneity 0.39; I2 = 4%;
Fig. 7a) whereas the benefit of induction chemotherapy was also
176.8 0.90 [0.77;1.04]
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significant and more pronounced (HR 0.73 [0.61–0.88], p = 0.001; p
for heterogeneity 0.19; I2 = 19%). The comparison of the two hazard
ratios was not significant (p = 0.12 for all trials, p = 0.56 for 5-FU-
platin trials, Fig. 7b).

Overall effect of adding chemotherapy to loco-regional treatment

As shown in Figs. 1 and 2, a significant benefit of chemother-
apy (p < 0.0001) was observed for overall survival (HR 0.88,
0.85–0.92), with an absolute improvement of 4.5% in 5 years sur-
vival. There was a heterogeneity of chemotherapy effect between
trials (p < 0.0001; I2 = 41%) which was observed only in the con-
comitant group (p = 0.0001, I2 = 45%). A larger effect of chemo-
therapy was observed in the concomitant trials than in the
other two groups (test for interaction p < 0.0001; Figs. 1 and
2). There was no good evidence of an effect of chemotherapy
for induction or adjuvant (HR 1.06 [0.95–1.18] p = 0.32;
I2 = 10%) chemotherapy. The detailed HR plots for each type of
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chemotherapy are shown in Web-Figs. 1–3. There was no varia-
tion of the chemotherapy effect on overall survival according to
loco-regional treatment among each chemotherapy timing trial
group (Web-Table 5).

Similar results were observed for event-free survival (Fig. 1b),
both for the whole population and for the three groups. For the
whole population the hazard ratio was 0.87 (0.84–0.90;
p < 0.0001) with an absolute benefit of 4.1% at 5 years (from 26.8
to 30.9%).

In an exploratory analysis, mortality at 90 days was used as a
proxy of early deaths related to treatment. The hazard ratio was
1.14 (0.98–1.31; p = 0.08; test for heterogeneity p = 0.30; I2 = 6%).
The excess of early death due to the chemotherapy was signifi-
cantly higher in the adjuvant setting (test for interaction
p = 0.02): HR of 2.1 (1.31–3.36) for the adjuvant group versus
1.09 and 1.03 for the concomitant and induction groups, respec-
tively (Web-Fig. 5).
Discussion

This updated individual patient data meta-analysis provides a
reliable evaluation of the effect of chemotherapy in locally ad-
vanced head and neck cancer. Compared to the previous study, a
large number of patients and randomised trials have been added
and the follow-up has been markedly increased, including for the
older trials. Consequently, the statistical power has been increased
and we were able to undertake more complete analyses with new
endpoints (effect of different types of chemotherapies, effect on
distant versus local failure, etc.). Overall the current results appear
stronger, compared to the previous MACH-NC meta-analysis and
should be useful to determine standard treatment in this disease,
as well as generating new hypotheses to be tested in future ran-
domised trials.

Adding new data did not change the magnitude of the observed
survival benefit resulting from the addition of chemotherapy,
which was confirmed to be around 4%. This benefit was larger for
concomitant chemotherapy, whereas there was no clear evidence
of a benefit for induction and adjuvant chemotherapies. Adding
the data from 24 new trials did not modify the magnitude of the
relative benefit of concomitant chemotherapy from that reported
previously (HR = 0.82 versus 0.81).

Importantly, there was a minimal heterogeneity between the 24
new trials (I2 = 34%), suggesting a strong consistency in the results
of these randomised trials, and reinforcing the strength of the evi-
dence of the observed benefit. In addition, the analysis of the con-
comitant group of trials allowed new and important conclusions to
be drawn. Firstly, the fact that there was no excess of non-cancer
deaths, strongly suggests that this treatment was effective in
reducing cancer-related mortality without deleterious effect on
death from other causes. We did not have data on compliance
and toxicity.

Regarding the type of drugs to be combined concomitantly with
radiotherapy, cisplatin alone, cisplatin or carboplatin associated
with 5-FU or other poly-chemotherapy including either platin or
5-FU gave a benefit of the same order of magnitude. In contrast
mono-chemotherapy with a drug other than cisplatin led to infe-
rior results and should not be recommended in routine practice
(Fig. 4). Single agent cisplatin appears to be one of the standard
treatments in combination with radiotherapy. Most of the random-
ised trials have used a dose of cisplatin of 100 mg/m2, three times
throughout the course of radiotherapy (cumulative dose of
300 mg/m2). Interestingly, the only negative ‘‘cisplatin alone” trial
in this meta-analysis used a cumulative dose of 140 mg/m2

(20 mg/m2 � 7) [13] suggesting that the total dose of cisplatin
could be important.
Another key message is that the benefit of concomitant chemo-
therapy appears to be similar irrespective of whether the radio-
therapy was given conventionally or using altered fractionation.
Finally, this meta-analysis confirmed that the magnitude of the
benefit of concomitant chemotherapy is less in older patients, a
feature that has also been observed with altered fractionation com-
pared to conventional radiotherapy in head and neck cancer [14]
and also when combining cetuximab plus radiotherapy [15]. One
of the explanations is that older patients more frequently die from
other causes than their head and neck cancer, which makes more
difficult to observe the benefit in these patients (dilution effect).
The absence of significant interaction with age on event-free sur-
vival is in favour of an effect on cancer death independent of age.
Another explanation could be an increase in non-cancer deaths
by the chemotherapy in old patients. The number of non-cancer
deaths in the 71+ group was too small (n = 93) to study the impact
of chemotherapy on non-cancer deaths.

This meta-analysis also allowed a new comparison of the bene-
fit associated with concomitant versus induction chemotherapy. It
is interesting to note that both the indirect and the direct compar-
isons were consistent on survival, event-free survival and loco-re-
gional failure, showing a clear advantage in favour of concomitant
chemotherapy. Indirect comparison should be interpreted with
caution as the loco-regional treatment alone arm may not be com-
parable in the concomitant and induction trials. The 5 year survival
rates in the control arm were, respectively, 27% and 30% in con-
comitant and induction trials.

However, one of the most striking observations was that con-
comitant chemotherapy had a pronounced effect on loco-regional
failure, which was not observed for induction chemotherapy. On
the other hand, induction chemotherapy provided a relatively
more pronounced effect on distant metastases, compared to con-
comitant chemotherapy, suggesting the need to use a relatively
high dose of chemotherapy to influence the occurrence of distant
metastases. This also suggests that concomitant and induction
chemotherapies may be complementary for this type of cancer
and justifies the ongoing current randomised trials evaluating the
benefit of adding induction chemotherapy before concomitant
radio-chemotherapy. It is also important in these ongoing trials
to evaluate whether induction chemotherapy adversely affects
the compliance to the concomitant radio-chemotherapy part of
the treatment, which appears to be the most important component
of this sequential strategy. Since taxane-based induction chemo-
therapy also proved, in three recent randomised trials [16–18], to
be superior to the reference 5-FU-platin-based induction chemo-
therapy, it is not possible to rule out that the benefit due to induc-
tion chemotherapy could be more pronounced that it appears to be
in this meta-analysis. However, this needs to be tested in ongoing
randomised trials which add induction chemotherapy to concom-
itant radio-chemotherapy. Finally, in locally advanced patients
who received chemotherapy, the role of cetuximab, which im-
proves the effect of radiotherapy [19], remains to be determined.
Role of the funding source

The sponsors of this study had no role in the study design, data
collection, data analysis, data interpretation, or the writing of the
report.
Investigator contribution (see list of investigator at the end of
the paper)

Secretariat: J.P.P., J.B., B.L., J.L.L., J.P.A. conceived, designed and
supervised the study;

J.P.P., J.B. obtained funding;



J.-P. Pignon et al. / Radiotherapy and Oncology 92 (2009) 4–14 13
C.A., N.S., A.L.M., E.M., J.P.P. participated in data collection and
checking;

C.A., A.L.M., E.M., J.P.P. did statistical analyses;
J.P.P., J.B., A.L.M., E.M. wrote the draft, with revision from the

other investigator.
The authors had full access to all the data and analyses and,

after consultation with the collaborators, had final responsibility
for the decision to submit for publication.

Steering committee: Its members revised the protocol, contrib-
uted to the selection of the trials, and revised the manuscript.

Other investigators were trialists and contributed to the study by
providing data, replying to the secretariat queries and validating
the re-analysis of their trial. Most of them participated in investi-
gator meetings on preliminary results and had the opportunity to
review the manuscript.
MACH-NC Collaborative Group

Secretariat

Caroline Amand, Jean Pierre Armand, Jean Bourhis, Aurélie Le
Maître, Bernard Luboinski, Emilie Maillard, Jean-Pierre Pignon,
Jean-Louis Lefebvre, Nathalie Syz

Steering Committee

Jacques Bernier, Volker Budach, Arlene A. Forastiere, Lesley A.
Stewart, Everett E. Vokes.

Investigators

D.J. Adelstein (Cleveland Clinic Foundation), J.P. Armand (Insti-
tut Claudius Regaud), C. Amand (Intitut Gustave-Roussy [IGR]), H.
Audry (IGR), J.M. Bachaud (Institut Claudius Regaud), H.G. Barte-
link (Netherlands Cancer Institute, Amsterdam), J. Bernier (Clinique
de Genolier), W.R. Bezwoda (University of the Witwatersrand), A.
Buffoli (Institituto di Radioterapie Oncologica, Udine), J. Bourhis
(IGR), K.T. Bhowmik (Vardhaman Mahavir Medical College), D. Bri-
zel (Duke University Medical Center), G.P. Browman (Mc Master
University), V. Budach (Charité University Hospital), G. Calais (Cen-
tre Hospitalier Universitaire de Tours), B.H. Campbell (Medical Col-
lege of Wisconsin), A. Carugati (Instituto de Oncología Ángel H
Roffo), S. Chalkidou (Hellenic Cooperative Oncology Group), J.R.
Clark (Dana Farber Cancer Institute), E. Cohen (Institut Claudius
Regaud), L. Collette (European Organization for Research and
Treatment of Cancer), O. Dal Canton (Ospedale S Giovanni Vecchio,
Torino), D. Dalley (St. Vincent’s Hospital, Sydney), J. Depondt (Cen-
tre Hospitalier Universitaire de Bichat), L. Désigné (IGR), A. Deszcz-
Thomas (Centre Hospitalier Universitaire de la Pitié-Salpêtriére), B.
Di Blasio (Parma University Hospital), W. Dobrowsky (University of
Vienna), C. Domenge (IGR), F. Eschwege (IGR), J.F. Evensen (Norwe-
gian Radium Hospital), C. Fallai (Università di Firenze), J.J. Fischer
(Yale University), A.A. Forastière (Johns Hopkins University), G.
Fountzilas (Aristotle University of Thessaloniki), K.K. Fu (University
of California San Francisco), D. Gedouin (Centre Eugène Marquis), S.
Guérin (IGR), F. Geara (MD Anderson Cancer Centre), R. Giglio
(Instituto de Oncología Ángel H Roffo), N.K. Gupta (Christie Hospi-
tal, Manchester), E. Haddad (Hôpital Universitaire H Mondor), B.G.
Haffty (Yale University), Y. Hasegawa (Aichi Cancer Centre), C. Hill
(IGR), J.C. Horiot (Centre Georges François Leclerc), M. Horiuchi
(Tokaï University), J. Houghton (Cancer Research Campaign &
University College London Cancer Trials Centre), P. Huguenin�

(Deceased) (University Hospital Zurich), P. Jan (IGR), Ch. Jaulerry
(Institut Curie), B. Jeremic (Kragulevac University Hospital), T. Jou-
ffroy (Institut Curie), A. Jortay (Brumann University Hospital),
B. Kapstad (University of Bergen), L.P. Kowalski (A.C. Camargo Hos-
pital, Sao Paulo), S. Kramer (Thomas Jefferson University Hospital),
K.S. Krishnamurthi (Madras Cancer Institute), S. Kumar (Sanjay
Gandhi Post Graduate Institute of Medical Science), G. Laramore
(University of Washington, Seattle), E. Lartigau (Centre Oscar Lam-
bret), J.L. Lefebvre (Centre Oscar Lambret), A. Le Maitre (IGR), T.
Leong (Harvard University), F. Lewin (Huddinge University Hospi-
tal), B. Luboinski (IGR), M. Luboinski (IGR), E. Maillard (IGR), T.
Maipang (Prince of Songkla University), M. Martin (Centre Hospit-
alier Intercommunal de Créteil), J.J. Mazeron (Centre Hospitalier
Universitaire de la Pitié-Salpêtriére), M. Merlano (National Insti-
tute for Cancer Research, Genoa), S. Metha (Mumbai Group), R.
Molinari (Istituto Nazionale Tumori, Milano), K. Monson (Cancer
Research Campaign & University College London Cancer Trials Cen-
tre), K. Morita (Aichi Cancer centre), R.P. Mueller (University of
Wuerzburg), A. Murias (Hospital Insular del Gran Canaria, Las Pla-
mas), V. Mosseri (Institut Curie), G. Numico (National Institute for
Cancer Research, Genoa), P. Olmi (Università di Firenze), B. O’Sulli-
van (Princess Margaret Hospital, Toronto University) J. Overgaard
(Aarhus University Hospital), A. Paccagnella (SS Giovanni and Paolo
Hospital, Venezia), T. Pajak (Radiation Therapy Oncology Group),
L.M. Parvinen (Turku University Hospital), N.W. Pearlman (Denver
VA Medical Center), J.P. Pignon (IGR), R.S. Rao (Tata Memorial Hos-
pital, Bombay), J.M. Richard (IGR), K. Rufibach (Swiss Group for
Clinical Cancer Research), F. Sanchiz (I Policlinico, Barcelona), H.
Sancho-Garnier (Centre Val d’Aurelle), D.E. Schuller (Ohio State
University Hospital, Columbus) V. Shanta (Madras Cancer Insti-
tute), R.J. Simes (NHMRC Clinical Trials Center, Camperdown), L.
Smid (University of Ljubljana), L.A. Stewart (University of York),
S. Staar (University of Cologne), P. Strojan (Institute of Oncology
Ljubljana), H. Stuetzer (University of Cologne), H. Szpirglas (Centre
Hospitalier Universitaire de la Pitié-Salpêtriére), G. Schwaab (IGR),
N. Syz (IGR), S. Takaku (Saitama Medical School), S.G. Taylor (Rush
Medical Center), J.S. Tobias (Cancer Research Campaign & Univer-
sity College London Cancer Trials Centre), R.J. Toohill (Medical Col-
lege of Wisconsin), E.E. Vokes (University of Chicago Medical
Center), P. Volling (University of Cologne), M.C. Weissler (Univer-
sity of North Carolina, Chapel Hill), T. Wendt (University of Jena),
K.D. Wernecke (Charité University Hospital), J. Widder (University
of Vienna), G.T. Wolf (University of Michigan), K. Yoshino (Osaka
Medical Center for Cancer and Cardiovascular Disease).

Acknowledgements

The chief acknowledgement is to the trialists who agreed to
share their data.

We also thank the following institutions for funding the inves-
tigators meeting or the meta-analysis project: Association pour la
Recherche sur le Cancer (ARC No. 2015), Institut Gustave-Roussy,
Ligue Nationale Contre le Cancer, Programme Hospitalier de
Recherche Clinique (No. IDF 95009), Sanofi-Aventis.

We thank Denise Avenell, for secretarial assistance, Francine
Courtial for electronic literature search, Charlotte Baey for the fig-
ures and Ana Chauvain for her contribution in editing the
manuscript.
Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.radonc.2009.04.014.

References

[1] Ferlay F, Bray F, Pisani P, Parkin DM. GLOBOCAN 2002: cancer incidence,
mortality and prevalence worldwide. IARC Cancer Base No. 5. Version 2.0.
Lyon: IARC Press; 2004.

http://dx.doi.org/10.1016/j.radonc.2009.04.014


14 Meta-analysis of chemotherapy in head and neck cancer
[2] Pignon J-P, Bourhis J, Domenge C, Désigné L, On behalf of the MACH-NC
Collaborative Group. Chemotherapy added to locoregional treatment for head
and neck squamous-cell carcinoma: three meta-analyses of updated individual
data. Lancet 2000;255:949–55.

[3] Baujat B, Mahé C, Pignon J-P, Hill C. A graphical method for exploring
heterogeneity in meta-analysis: application to a meta-analysis of 65 trials. Stat
Med 2002;21:2641–52.

[4] Pignon J-P, Le Maître A, Bourhis J, On behalf of the MACH-NC Collaborative
Group. Meta-analyses of chemotherapy in head and neck cancer (MACH-NC):
an update. Int J Radiat Oncol Biol Phys 2007;69:S112–4.

[5] Schemper M, Smith TL. A note on quantifying follow-up in studies of failure
time. Control Clin Trials 1996;17:343–6.

[6] Yusuf S, Peto R, Lewis J, Collins R, Sleight T. Beta blockade during and after
myocardial infarction: an overview of randomised clinical trials. Prog
Cardiovasc Dis 1985;27:335–71.

[7] Early Breast Cancer Trialists’ Collaborative Group. Effects of radiotherapy and
surgery in early breast cancer: an overview of randomized trials. N Engl J Med
1995;333:1444–55.

[8] Non-small Cell Lung Cancer Collaborative Group. Chemotherapy in non-small
cell lung cancer: a meta-analysis using updated data on individual patients
from 52 randomized clinical trials. Br Med J 1995;311:899–909.

[9] Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med 2002;21:1539–58.

[10] Early Breast Cancer Trialists’ Collaborative Group. Systemic treatment of early
breast cancer by hormonal, cytotoxic or immune therapy: 133 randomised
trials involving 31,000 recurrences and 24,000 death among 75,000 women.
Lancet 1992;339:1–15.
[11] Gabriele P, Orecchia R, Ragona R, et al. A cooperative AIRO/Piemonte
randomized clinical trial of carboplatin as an adjunct to radiotherapy in
head and neck cancer. Radiat Oncol 1994;32:S93.

[12] Bhowmik KT, Safaya A, Sharma R, Suri K, Bhatia JS, Das Nl. Concomitant
chemoradiotherapy in advanced head and neck cancers: Safdarjang hospital
experience. Radiat Oncol 2001;58:S16.

[13] Haselow RE, Warshaw MG, Oken MM, et al. Radiation alone versus radiation
with weekly low dose cisplatinum in unrescetable cancer of the head and
neck. In: Fee Jr WE, Goepfert H, Johns ME, et al., editors. Head and neck cancer,
vol. II. Philadelphia: BC Decker; 1990. p. 279–81.

[14] Bourhis J, Overgaard J, Audry H, et al. Hyperfractionated or accelerated
radiotherapy in head and neck cancer: an individual patient data meta-
analysis of 15 randomized trials. Lancet 2006;368:843–54.

[15] Available from: http://www.emea.europa.eu/humandocs/PDFs/EPAR/erbitux/
Erbitux-H-558-II-05.pdf [last access on November 26, 2008].

[16] Hitt R, Lopez-Pousa A, Martinez-Trufero J, et al. Phase III study comparing
cisplatin plus fluorouracil to paclitaxel, cisplatin, and fluorouracil induction
chemotherapy followed by chemoradiotherapy in locally advanced head and
neck cancer. J Clin Oncol 2005;23:8636–45.

[17] Posner MR, Hershock DM, Blajman CR, et al. Cisplatin and fluorouracil alone or
with docetaxel in head and neck cancer. N Engl J Med 2007;357:1705–15.

[18] Vermorken JB, Remenar E, van Herpen C, et al. Cisplatin, fluorouracil, and
docetaxel in unresectable head and neck cancer. N Engl J Med
2007;357:1695–704.

[19] Bonner JA, Harari PM, Giralt J, et al. Radiotherapy plus cetuximab for
squamous-cell carcinoma of the head and neck. N Engl J Med
2006;354:567–78.

http://www.emea.europa.eu/humandocs/PDFs/EPAR/erbitux/Erbitux-H-558-II-05.pdf
http://www.emea.europa.eu/humandocs/PDFs/EPAR/erbitux/Erbitux-H-558-II-05.pdf

	Meta-analysis of chemotherapy in head and neck cancer (MACH-NC): An update  on 93 randomised trials and 17,346 patients
	Materials and methods
	Eligibility criteria
	Identification of trials
	Data
	Analysis
	Statistics

	Results
	Effect of concomitant chemotherapy
	Overall and event-free survival
	Subset analyses
	Sub-group analyses
	Effect of induction chemotherapy

	Comparison of concomitant and induction chemotherapy
	Direct comparison
	Indirect comparison
	Overall survival
	Cumulative loco-regional and distant failure

	Overall effect of adding chemotherapy to loco-regional treatment

	Discussion
	Role of the funding source
	Investigator contribution (see list of investigator at the end of the paper)
	MACH-NC Collaborative Group
	Secretariat
	Steering Committee
	Investigators

	Acknowledgements
	Supplementary data
	References


