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Analysis of the Prognostic Factors for Distant Metastasis after
Induction Chemotherapy Followed by Concurrent Chemoradiotherapy
for Head and Neck Cancer

Purpose
The aim of this study is to identify the prognostic factors of distant metastasis (DM) after
induction chemotherapy (IC) followed by concurrent chemoradiotherapy (CRT) for locore-
gionally advanced head and neck cancer (HNC).

Materials and Methods
A total of 321 patients with HNC who underwent IC followed by CRT treated between January
2005 and December 2010 were analyzed retrospectively. IC consisted of three courses of
docetaxel (70 mg/m2) and cisplatin (75 mg/m2) every three weeks, followed by radiotherapy
of 66-70 Gy/2 Gy per fraction/5 fractions per week concurrent with weekly cisplatin (40
mg/m2). Tumor/nodal stage, primary site, tumor differentiation, lower neck node involve-
ment (level IV, VB, and supraclavicular regions), number of concurrent chemotherapy cycles,
overall duration of radiotherapy, and response to IC were assessed as potential prognostic
factors influencing DM and survival outcome.

Results
The five-year loco-regional recurrence and DM rates were 23.6% and 18.2%. N stage, overall
duration of radiotherapy, lower neck node involvement, and response to IC were significant
factors for DM. With a median follow-up period of 52 months (range, 4 to 83 months), the
5-year progression-free, DM-free, and overall survival rates were 41.2%, 50.7%, and 55.1%,
respectively. Lower neck node involvement (p=0.008) and poor response to IC (p < 0.001)
showed an association with significantly inferior DM-free survival.

Conclusion
Even with the addition of IC, the DM rate and survival outcome were poor when metastatic
lower neck lymph nodes were present or when patients failed to respond after receiving IC.
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Introduction

Approximately 60% of patients with head and neck cancer
(HNC) present with locoregionally advanced stage III and
IV disease [1]. Multiple clinical trials have confirmed the
locoregional control and overall survival (OS) benefit of
concurrent chemoradiotherapy (CRT), and CRT is now

considered the standard management paradigm for locore-
gionally advanced HNC [2]. The concept of induction
chemotherapy (IC) followed by CRT has several theoretical
advantages, including reduced risk of distant metastasis
(DM), induction of tumor shrinkage to allow more effective
and less toxic local therapy, and prediction of tumor respon-
siveness [3].

Studies over the past two decades have reported DM rates
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between 4.0% and 26.0% in patients treated for squamous cell
carcinoma of the head and neck [4,5]. Preliminary results
from a randomized trial (DeCIDE) showed that the incidence
of DM at three years was 10% with IC followed by CRT and
19% with CRT alone (p=0.025) [6]. As DM develops, the
chance of cure is very low, and the survival decreases
dramatically. Some reports have demonstrated an associa-
tion of locoregional control and risk factors including
primary site, nodal stage, tumor differentiation, and lower
neck involvement (level IV, VB, and supraclavicular regions)
with DM in patients treated with radiotherapy alone or CRT
[7,8].

Previous studies analyzed the prognostic factors for
survival outcome after treatment with IC followed by CRT
[9,10]. However, none of these studies determined the prog-
nostic factors for DM in HNC patients treated with IC and
CRT. The incidence and related risk factors of DM in patients
treated with IC followed by CRT should be precisely
assessed. The objective of this study was to re-evaluate prog-
nostic factors known as risk factors for DM in patients treated
with CRT for HNC, and to determine whether or not these
factors still have an effect on DM and survival after addition
of IC to CRT.

Materials and Methods

1. Patients

Of 355 patients treated with IC and CRT for HNC in two
institutions between January 2005 and December 2010, data
for 321 consecutive patients were reviewed in this retrospec-
tive study. Fourteen patients who presented with disease
progression after receiving a second course of IC, 12 patients
who underwent salvage neck dissection prior to CRT, and
eight patients who refused further therapy were excluded
from this study. All patients were diagnosed with previously
untreated, biopsy-proven squamous cell carcinoma. DM was
undetected from computed tomography (CT) or positron
emission tomography (PET)-CT scans at the time of their
initial diagnosis. Five patients showed N3 stages, but none
of them were included in the analysis due to incomplete
treatment. All patients showed a performance status of 0 to 1.
Patients with primary tumors of the nasopharynx, paranasal
sinus, or salivary gland were excluded from this study.

Clinically significant lymph nodes in the cervical region
were distinguished according to the criteria described by van
den Brekel et al. [11] (i.e., shortest axis of  11 mm in the
jugulodigastric regions, or  10 mm in other cervical regions).

In addition, conglomerate lymph nodes of borderline size on
CT, or any positive results for neck lymph nodes from PET
scans, were considered metastatic lesions. The TNM stages
of the patients were re-evaluated from their medical records
and images at the time of data analysis. Patients were staged
according to the 2009 classification of the American Joint
Committee on Cancer Staging (AJCC) [12]. The study proto-
col was approved by the institutional review board (IRB).

2. Treatment

IC consisted of three courses of docetaxel (70 mg/m2 as
1-hour infusion) and cisplatin (75 mg/m2 as 2-hour infusion)
every three weeks. Three weeks after completion of the sec-
ond course of IC, response to IC was evaluated using CT
scan. If disease progression was noted, the third course of IC
was cancelled and surgical treatment was considered. Neck
dissection was performed prior to CRT in some cases where
multiple necrotic lymph nodes showing a stable response
after IC were presented. Radiotherapy was recommended
for patients determined as unresectable or who refused
surgery.

After completion of IC, CRT was initiated within four
weeks. Conventional fractionated radiation therapy with a
daily dose of 2 Gy and a total dose of 66-70 Gy was planned
for all patients. Concurrent with radiation therapy, adminis-
tration of six courses of chemotherapy using weekly cisplatin
(40 mg/m2 as 1-hour infusion) was planned for patients.

Three-dimensional conformal radiation therapy (3D-CRT)
or intensity-modulated radiation therapy (IMRT) was
performed on a 6 MV linear accelerator (Clinac 21EX, Varian
Medical Systems, Palo Alto, CA). The gross tumor volume
(GTV) was defined as the pre-IC gross disease volume
(primary and node) shown on imaging studies. The clinical
target volume (CTV) encompassed the GTV plus a margin
of 0.5-1.0 cm for the potential microscopic extension of the
disease, and an additional margin of 0.3 cm was considered
to compensate for setup uncertainty. Segmentation of nodal
CTV into two parts (CTV2 and CTV3) was performed
according to estimation of the risk. Standard doses were
66-70 Gy for CTV1 (the area of primary tumor and metastatic
nodes), 60 Gy for CTV2 (CTV1 plus the next echelon nodal
area or ipsilateral cervical nodal chains), and 50 Gy for CTV3
(contralateral lymph nodal area or uninvolved lower neck
nodal region).

3. Response assessment and follow-up

Response to treatment was documented using the World
Health Organization (WHO) response grading system [13].
The response was evaluated between six and 12 weeks after
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completion of CRT by physical examination and radiological
images (CT, magnetic resonance imaging [MRI], and
PET-CT). A biopsy was recommended if there was clinical
evidence of residual tumor. A complete response (CR) of the
primary site was defined by the disappearance of disease
evidence on physical examination, radiological images, or
pathological reports. In case of neck nodes, CR included all
lymph nodes less than 1.0 cm in greatest axial dimension
without contrast enhancement on CT scans and with
negative results on PET scans. Patients with less than a CR
were recommended to go ahead with additional surgery or
close observation. Patients were observed by all members of
the multidisciplinary team after completion of therapy.
Careful clinical examination including imaging studies (CT,
ultrasonography and PET, or MRI) was performed at 1-3
month intervals over the first year, every 3-6 months in the
second and third years after treatment, and every 6-12
months thereafter.

4. Statistical analyses

Survival times were calculated from the initial date of IC.
The Kaplan-Meier method was used for progression-free
survival (PFS), distant metastasis-free survival (DMFS), and
OS. Except for the OS calculations, a patient was considered
censored at death if the event had not occurred. A logistic
regression model was used for multivariate analysis of risk
factors related to DM. As stated in the Introduction, previous
studies reported an association of five variables; tumor stage,
nodal stage, primary site, tumor differentiation, and lower
neck node involvement with development of DM in patients
treated with radiotherapy alone or CRT [7,8]. Therefore,
these tumor-related factors were assessed as potential prog-
nostic factors having an effect on DM, PFS, DMFS, and OS.
Treatment related factors, including number of concurrent
chemotherapy cycles and overall duration of radiotherapy
were also evaluated as variables. Response to IC was
included in the potential prognostic factors in order to eval-
uate its predictive role for disease control and survival
outcome. We performed multivariate analysis with a logistic
regression model and used a binomial distribution statistical
model to determine the 95% confidence interval of the
probability of development of DM. Multivariate analyses of
survival outcome were performed using a Cox’s regression
model. PASW software (PASW ver. 18.0, SPSS Inc., Chicago,
IL) was used for the statistical analyses. p < 0.05 was used to
indicate statistical significance.

Results

1. Patient characteristics

The median age of patients was 60 years (range, 27 to 79
years), and 275 patients (85.7%) were men. Three hundred
five patients (95.0%) were treated with IMRT, and 16 patients
(5.0%) received 3D-CRT. The median dose (for CTV1) of
radiation therapy was 70 Gy (range, 56 to 70 Gy), delivered
in a median of 35 fractions (range, 28 to 35 fractions) over
45-73 days (median, 51 days). The tumor characteristics are
described in Table 1.

2. Compliance with treatment

Three hundred eleven patients (96.9%) received the
prescribed total radiotherapy dose (range, 66 to 70 Gy). In
the majority of patients (304 patients, 94.7%), the overall

LN, lymph node. a)Lower neck: level IV, VB and supraclav-
icular regions.

Table 1. Tumor characteristics

Characteristic No. (%)
Subsite of the primary tumor
Oropharynx 104 (32.4)
Oral cavity 48 (15.0)
Larynx 75 (23.4)
Hypopharynx 94 (29.2)

T stage
1 42 (13.1)
2 155 (48.3)
3 64 (19.9)
4 60 (18.7)

N stage
0 17 (5.3)
1 63 (19.6)
2a 50 (15.6)
2b 124 (38.6)
2c 67 (20.9)

Histological differentiation
Well 42 (13.1)
Moderate 191 (59.5)
Poor 88 (27.4)

Lower neck LNa)

Negative 218 (67.9)
Positive 103 (32.1)
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treatment time for radiotherapy was  8 weeks. Seventeen
patients (5.3%) required more than eight weeks to complete
treatment because of a variety of treatment-induced toxici-
ties. All patients received three cycles of IC. The dose of
docetaxel in the third cycle was reduced by 25% in 21
patients who presented with grade III neutropenia. Two
hundred thirty-six patients (73.5%) completed all six cycles
of concurrent chemotherapy; however, 23 patients (7.2%)
received less than five cycles of weekly cisplatin.

3. Disease control

According to results for response to IC, 59 patients showed
a CR (18.4%), 208 showed a partial response (PR; 64.8%), and
54 showed an stable disease (SD; 16.8%). Responses after
CRT were as follows: CR at the primary site was seen in 227
patients (70.7%); 201 patients (62.6%) had CR of the metasta-
tic lymph nodes in the neck; 96 patients (29.9%) had PR at
the primary site or lymph node; treatment failure occurred
in 59 of 211 patients (28.0%) who presented with complete

OR, odds ratio; CI, confidence interval; LN, lymph node;
CR, complete response; PR, partial response; SD, stable 
disease.

Table 2. Multivariate analysis of risk factors for distant
metastasis

Characteristics OR (95% CI)
Primary site
Oropharynx 1.0 
Oral cavity 0.987 (0.896-1.042)
Larynx 0.742 (0.582-1.169)
Hypopharynx 1.191 (0.879-1.483)

T stage
1 1.0
2 0.843 (0.581-1.371)
3 1.713 (0.822-3.421)
4 1.519 (0.811-3.799)

N stage
0 1.0
1 1.088 (0.696-1.441)
2a 1.318 (0.577-1.421)
2b 1.389 (0.776-2.889)
2c 1.479 (1.171-3.286)

Lower neck LN
Negative 1.0
Positive 3.881 (1.682-6.379)

Tumor differentiation
Well 1.0
Moderate 1.092 (0.562-1.991)
Poor 1.371 (0.779-2.377)

No. of concurrent chemotherapy cycles
5-7 1.0
< 5 1.229 (0.562-4.669)

Overall duration of radiotherapy (wk)
7-8 1.0
> 8 2.189 (1.214-7.442)

Response to induction chemotherapy
CR 1.0
PR 1.871 (1.171-4.331)
SD 8.826 (6.668-16.974)

13

9 14

5

17
13

Regional (n=44) Distant (n=59)

Local (n=41)

23

Fig. 1. Patterns of failure.
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Fig. 2. Distant metastasis-free survival according to lower
neck lymph node (LN) involvement. 

Dong Hyun Kim, Prognostic Factors after CRT in HNC

VOLUME 47  NUMBER 1  JANUARY  2015  49



Table 3. Multivariate analysis correlating prognostic factors with 5-year distant metastasis-free survival (DMFS)

5-Year DMFS rate (%) HR (95% CI) p-value
Primary site
Oropharynx 60.7 1.0
Oral cavity 55.5 1.077 (0.640-1.525) 0.362
Larynx 52.1 1.213 (0.767-1.428) 0.441
Hypopharynx 45.2 1.426 (0.861-1.927) 0.218

T stage
1 64.7 1.0
2 66.7 0.889 (0.452-1.778) 0.768
3 52.1 1.339 (0.779-1.880) 0.231
4 40.3 1.752 (0.901-2.771) 0.11

N stage
0 60.7 1.0
1 58.6 1.125 (0.551-1.339) 0.568
2a 52.7 1.334 (0.769-1.552) 0.325
2b 52.6 1.326 (0.662-1.625) 0.376
2c 43.8 1.666 (0.979-3.225) 0.072

Lower neck LN
Negative 55.2 1.0
Positive 34.3 2.375 (1.247-6.286) 0.008

Tumor differentiation
Well 54.7 1.0
Moderate 57.7 0.902 (0.723-1.559) 0.225
Poor 46.8 1.445 (0.802-2.888) 0.107

No. of concurrent chemotherapy cycles
5-7 50.9 1.0
< 5 48.6 1.076 (0.611-2.429) 0.689

Overall duration of radiotherapy (wk)
7-8 50.5 1.0
> 8 46.1 1.177 (0.672-1.819) 0.443

Response to induction chemotherapy
CR 68.9 1.0
PR 47.3 2.116 (1.337-5.256) 0.001
SD 0 9.77 (3.289-18.925) < 0.001

HR, hazard ratio; CI, confidence interval; LN, lymph node; CR, complete response; PR, partial response; SD, stable disease.

remission at the three-month post-treatment assessment;
local recurrence was noted in 41 patients, isolated regional
recurrence in 13 patients, and locoregional recurrence in nine
patients; DM was detected in 24 patients who had achieved
CR after CRT—in 18 of these patients, development of DM
was preceded by occurrence of locoregional failure; and DM
manifested in 36 patients with persistent locoregional disease
following treatment. Detailed data regarding the patterns of
failure are shown in Fig. 1. The 5-year locoregional recur-
rence and distant metastasis rates were 23.6% and 18.2%,
respectively. At the time of the last follow-up, DM was
reported in 60 of 321 patients (18.7%). The sites of metastases
were distributed as follows: lung, 28 cases (8.7%); liver, 15

cases (4.7%); bone, 12 cases (3.7%); and multiple sites (lung
and bone), five cases (1.6%). Results of multivariate analysis
of risk factors related to DM are shown in Table 2. Signifi-
cantly high risk of DM was observed in patients with N2c
stage, lower neck node involvement, prolonged overall
duration of radiotherapy, and poor response to IC.

4. Survival outcome

The median follow-up period for all patients and survivors
was 52 months (range, 4 to 83 months) and 68 months (range,
33 to 90 months), respectively. At the time of analysis, 132
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patients (41.1%) had died. The causes of death were as
follows: cancer progression in 103 patients, other causes in
24 patients, treatment-related toxicity in three patients, and
undetermined in two patients. The PFS, DMFS, and OS at
five years were 41.2%, 50.7%, and 55.1%, respectively.
Various factors related to survival outcomes were evaluated
by multivariate analysis, and the results are shown in Tables
3 and 4, respectively.

In multivariate analysis, the significant factors affecting
DMFS and PFS were lower neck node involvement (p=0.008
and p= 0.021, respectively) and response to IC (p < 0.001 and
p < 0.001, respectively). The DMFS rate at five years accord-
ing to lower neck lymph node (positive vs. negative) was

34.3% versus 55.2% (Fig. 2) and response to IC (CR, PR, and
SD) was 68.9%, 47.3%, and 0% (Fig. 3), respectively. How-
ever, OS was not affected by any of these prognostic factors.

Discussion

The patterns of failure have changed in patients with
squamous cell HNC [14,15]. Although CRT programs have
provided improved results in locoregional control compared
with radiotherapy alone, the failure rate at distant organs

Table 4. Multivariate analysis correlating prognostic factors with 5-year progression-free survival (PFS)

5-Year PFS rate (%) HR (95% CI) p-value
Primary site
Oropharynx 53.2 1.0
Oral cavity 44.5 1.331 (0.757-1.780) 0.452
Larynx 43.1 1.409 (0.809-1.960) 0.411
Hypopharynx 38.1 1.557 (0.852-2.004) 0.278

T stage
1 56.2 1.0
2 55.1 1.019 (0.479-1.811) 0.661
3 43.7 1.588 (0.719-2.562) 0.211
4 36.9 1.771 (0.863-3.224) 0.139

N stage
0 52.2 1.0
1 53.7 0.956 (0.791-1.211) 0.760
2a 46.6 1.177 (0.766-1.690) 0.442
2b 41.1 1.223 (0.825-1.776) 0.309
2c 36.6 1.462 (0.963-3.625) 0.077

Lower neck LN
Negative 45.9 1.0
Positive 32.6 2.106 (1.204-4.003) 0.021

Tumor differentiation
Well 45.9 1.0
Moderate 42.4 1.012 (0.692-1.558) 0.525
Poor 37.7 1.265 (0.715-2.166) 0.311

No. of concurrent chemotherapy cycles
5-7 41.9 1.0
< 5 40.0 1.119 (0.718-1.776) 0.389

Overall duration of radiotherapy (wk)
7-8 42.5 1.0
> 8 36.0 1.299 (0.879-1.778) 0.271

Response to induction chemotherapy
CR 58.8 1.0
PR 42.7 1.712 (1.229-2.886) 0.005
SD 0 8.862 (3.908-15.223) < 0.001

HR, hazard ratio; CI, confidence interval; LN, lymph node; CR, complete response; PR, partial response; SD, stable disease.
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remains high. Thus, systemic control of micrometastases has
emerged as an important treatment goal. Addition of IC to
CRT protocols resulted in a modest reduction in the
incidence of DM. In particular, taxane-based IC followed by
cisplatin-based CRT is receiving much attention as a new
therapeutic approach for treatment of advanced HNC and
for organ preservation. The cancer treatment team in our
hospital developed a protocol using docetaxel in combina-
tion with cisplatin as the IC regimen prior to CRT (weekly
cisplatin). 5-Fluorouracil (5-FU) was omitted from the IC
regimen because it may induce mucosal toxicity and cumu-
lative myelosuppression. In a previous study, this regimen
showed a comparable overall response rate (82.9%) and
feasibility with docetaxel, cisplatin, and 5-FU based induc-
tion regimen [16]. In our study, of 321 eligible patients, 236
patients (73.5%) completed the full schedules of this
program, and overall response rate to IC was 83.2%. In the
docetaxel, cisplatin, and 5-fluorouracil (TPF) induction arm
of a TAX 324 study, 27% patients did not complete the full
schedule, and the overall response rate after IC was 72% [17].

This study demonstrated that lower neck node involve-
ment and response to IC have an effect on the risk of DM and
survival outcome despite the addition of aggressive systemic
treatment. The 5-year DM rate in our study was 18.2%,
slightly higher compared with results from some recent
clinical studies on this topic. From the results of some trials,
the DM rate varied between 7% and 17% in HNC patients
treated with IC followed by CRT [7]. However, in these
previous studies, 15-20% of patients were N0 stage. Consid-

ering that only 5.3% of patients presented with N0 stage and
two-thirds of patients presented with N2b or N2c stage in
this study, our results appear to be quite acceptable. Of 60
patients who presented with DM at last follow-up, 36
patients showed persistent locoregional disease after
completion of treatment and locoregional recurrence was
preceded DM in 18 patients. This means, of course, that
locoregional control is also an important predictive factor
related to development of DM, except lower neck node
involvement or response to IC.

Alvi and Johnson [18] reported an average time from
development of DM to death of only five months. As a
consequence, identification of groups of patients who are at
high risk of developing DM is very important. Risk factors
for DM are a matter of debate. Some reports have shown that
the risk of DM is greater for nasopharyngeal and hypopha-
ryngeal cancer [5,19]. Conversely, according to other authors
[18,20], the site of the tumor had no significant influence on
development of DM. In addition, there is disagreement as to
the influence of the histologic grade and local extension of
the tumor in the appearance of DM [4,5,18]. In our study,
tumor related factors (N stage and lower neck node involve-
ment) and treatment related factors (overall duration of
radiotherapy and response to IC) showed association with
development of DM.

The 5-year rate of distant metastases in patients with
lymph nodes confined to the upper neck was reported as
15%, compared with 28% in oropharyngeal cancer patients
with lymph nodes in the mid and/or lower jugular chains
(p=0.01) treated with radiotherapy alone [21]. The influence
of node location on survival periods was analyzed in previ-
ous studies. Patients with lower neck node involvement had
a worse prognosis because of their tendency for vascular
dissemination. The adverse effect of lower neck node
involvement was reported by Kalnins et al. [22] in their study
of 450 patients who underwent radical neck dissection for
oral cavity carcinoma. They clearly demonstrated an inferior
survival rate when metastatic adenopathy was found in the
lower neck (5-year OS: upper 38%, mid 19%, and lower 14%).
Our results showed a marked association of lower neck node
involvement with an increased probability of developing
DM. Although IC was added prior to CRT to overcome DM,
patients with lower neck node involvement still showed a
higher rate of DM.

In this study, the PFS, DMFS, and OS at five years were
41.2%, 50.7%, and 55.1%, respectively. These results compare
favorably with the outcomes of some trials testing the role of
IC. The TAX 323 study reported a 2-year OS rate of 43% in
patients treated with induction TPF and radiotherapy [23].
The TAX 324 trial reported a 3-year OS of 62% after TPF
followed by radiotherapy concurrent with weekly carbo-
platin [17]. However, the patient characteristics in our study
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Fig. 3. Distant metastasis-free survival according to
response to IC. IC, induction chemotherapy; CR, complete
response; PR, partial response; SD, stable disease.
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showed a more advanced stage (in particular, nodal stage 
N2, 75.1% vs. 63.0%) than those of patients in the TAX 324
study. Despite these adverse factors, our study presented
5-year OS rates consistent with the survival outcomes of the
TAX 324 study. In addition, the locoregional failure rate
(23.6%; median follow-up, 52 months) was comparable with
that of the TAX 324 study (30%; median follow-up, 42
months).

In the risk factor analysis of the TAX 324 trial, WHO
performance status of 1, non-oropharynx site, T3/4 stage, N3
status, and prolonged radiation treatment time showed
association with significantly inferior OS [9]. In the current
study, lower neck node involvement and response to IC were
significant prognostic factors for survival outcome (DMFS
and PFS), although they did not show significant association
with OS. In univariate analysis, non-oropharyngeal primary
sites showed less favorable PFS than orophaynx; however,
this was not significant in multivariate analysis. We assume
that the failure of systemic control in patients with lower
neck node involvement induces poor survival outcome.
Investigation of alternative therapeutic approaches may be
needed for treatment of patients with metastatic lower neck
nodes. A new adjuvant chemotherapy program after
completion of CRT or an innovative combination of IC
regimen in patients with metastatic lower neck node should
be developed in the near future.

Clinical data from only two treatment centers and the

retrospective nature of the study design could constitute
other pitfalls. However, to the best of our knowledge, this
study is the first analysis of DM-related risk factors in
patients treated with IC followed by CRT. Considering the
purpose of IC, these results are helpful for determining the
appropriate treatment strategy for patients with lower neck
node involvement and failure to respond after IC.

Conclusion

Even with the addition of IC to control DM, the DM rate
and survival outcome were poor when metastatic lower neck
lymph nodes were present or when patients failed to
respond after receiving IC. Investigation of alternative
therapeutic approaches may be needed for treatment of
patients with metastatic lower neck nodes or who failed to
respond after IC.
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