
Abstract. Aim: To estimate the clinical outcomes of
induction chemotherapy (IC) followed by standard
chemoradiotherapy (CRT) and CRT alone in patients with
locally advanced human papilloma virus (HPV)-negative
oropharyngeal squamous cell carcinoma. Patients and
Methods: Consecutive patients with histologically-proven
HPV-negative squamous cell carcinoma of the oropharynx
were included and treated with IC-CRT or CRT alone. In
order to compare treatment outcomes and toxicity between
groups, patients were matched by primary tumor site and
clinical disease stage. Overall survival (OS), disease-free
survival (DFS) and metastasis-free survival (MFS) curves
were calculated with the Kaplan–Meier method. Results: Nine
IC patients and 18 CRT patients were included. All patients
completed the programmed treatment. The median follow-up
was 38 months. There were no statistically significant
differences in OS and DFS between groups. The 5-year MFS
was 88.9% and 50.8% in the IC-CRT group, respectively.
There was no meaningful difference in toxicity between
patients. Conclusion: In HPV-negative patients with locally
advanced oropharyngeal cancer, adding IC to standard CRT
may increase the MFS rate. However no significant
differences in OS and DFS were observed. More studies are
needed to better elucidate the role of IC in this setting. 

Despite changes in epidemiology from smoking and alcohol
history to human papilloma virus (HPV)-associated disease,
oropharyngeal cancer remains one of the most common

squamous cell carcinoma, of the head and neck district (1).
Concomitant platinum-based chemoradiotherapy (CRT) is still
considered the standard treatment approach, due to its organ-
preservation intent (2). However, scientific research is
extremely active in the optimization of the best strategy for a
favorable balance between survival and morbidity, primarily
for patients with locally advanced disease. Induction
chemotherapy (IC) is an area of ongoing interest but also of
controversy. There are no evidence-based data suggesting that
IC is superior in terms of clinical outcomes to CRT alone and
the major criticism is whether IC could negatively impact on
the subsequent optimal delivery of planned CRT (3). However,
given the superiority of IC using taxane, cisplatin and
fluorouracil (TPF) over cisplatin/fluorouracil-based IC, several
trials have directly compared TPF-IC followed by CRT with
concomitant CRT (4-8). Globally, IC was not associated with
better survival rates, but the vast majority of trials included
patients treated with TPF followed by non-standard concurrent
CRT regimens (4-7). Therefore, the true value of IC remains
an unresolved clinical issue. Moreover, there is increasing
interest in HPV status. HPV etiology (HPV-positive) appears
to be associated with better clinical outcomes, suggesting that
intensification of treatment strategy may be necessary in
patients with HPV-negative squamous cell carcinoma (9). 

Thus, the purpose of this study was to describe the first
propensity score-matching analysis of patients with HPV-
negative locally advanced oropharyngeal cancer treated with
IC followed by standard CRT and those treated with CRT alone
at a single institute. The focus was to characterize the influence
of IC on the risk of distant metastasis, and in order to produce
more robust results, we analyzed metastasis-free survival
(MFS) as a surrogate endpoint for overall survival (OS).

Patients and Methods

Patient selection. This study was approved by the Department of
Radiological Sciences, Oncology and Pathology, Policlinico Umberto I,
Sapienza University of Rome (prot.443/16) and informed consent was
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waived. Consecutive patients with histologically proven HPV-negative
squamous cell carcinoma of the oropharynx were included, provided
they were ≥18 years of age, had Eastern Cooperative Oncology Group
performance status ≤1, had adequate renal, hepatic and bone marrow
function, had locally advanced disease, without any evidence of distant
metastases by imaging modalities. Patients were excluded from the
study in cases of synchronous tumors, severe comorbidities
(cardiovascular disease, history of neurological or psychiatric disorders,
collagenosis) or previous radiotherapy to the head and neck region. 

Clinical examinations including nasopharyngolaryngoscopy were
combined with radiological imaging to assess the precise local (T),
regional nodal (N), and distant (M) extent of the tumor. Patient tumors
were classified according to the American Joint Committee on Cancer
tumor, nodes, metastasis (TNM) Staging System (10). Both preventive
dental care and nutrition evaluations occurred before treatment.

Treatment plan. All patients received CRT with curative intent with
or without prior IC administration.

IC consisted of three cycles of 21 days each of cisplatin (75 mg/m2,
day 1), docetaxel (75 mg/m2, day 1) and 5-fluorouracil (750 mg/m2/
day, days 1-5). Patients were treated with CRT within 3 to 7 weeks
after the end of the third IC cycle. 

CRT consisted of a standard regimen with 100 mg/m2 cisplatin
(days 1, 22 and 43) plus radiotherapy (2 Gy once daily fraction) at
a total dose of 70 Gy to macroscopic disease plus high-risk regions
and 50 Gy to sites of potential disease. Radiation therapy was
delivered with intensity modulated (IMRT) technique with 6-15 MV
energy photons. 

Follow-up. Clinical assessment was carried out every 3 weeks
during the IC period, whereas during CRT, patients were evaluated
daily. Toxicity was evaluated using National Cancer Institute’s
Common Terminology Criteria for Adverse Events version 4.0 (11).
After treatment, all patients were monitored at three-month intervals
for the first 2 years and at 6-month intervals for the subsequent
years in order to evaluate toxicities and detect locoregional or
distant recurrent disease. 

Propensity score-matching analysis. To perform a comparative
analysis, patients were selected from our institutional head and neck
unit database. Since patients were not randomly assigned to receive
IC followed by CRT (IC-CRT group) or CRT alone (CRT group), a
propensity score-matching analysis was used to reduce the effect of
treatment selection bias and simulate the effects of randomization.
A 1:2 matching of IC-CRT to CRT patients was performed to
improve statistical power. CRT patients were matched with IC-CRT
patients based on several factors, including primary tumor site
(tonsil versus base of tongue), T stage (T1-2 versus T3-4) and N
stage (N0-1 versus N2-3).

Statistical analysis. Statistical analysis was performed using the
RStudio-0.98.1091 software. Standard descriptive statistics were
used to evaluate the distribution of each potential factor. Continuous
data are given as the median (range), and categorical data as the
number of observations and ratios. Data were compared using non-
parametric Fisher exact test for qualitative data and Student t-test
for quantitative data. OS, disease-free survival (DFS) and
metastasis-free survival (MFS) were calculated in months from the
date of the end of CRT to the first event, including date of the last
follow-up or death (OS), relapse (DFS), or metastasis (MFS). OS,

DFS and MFS were estimated using the Kaplan–Meier method and
survival curves were compared using the log-rank test (12). All
reported p-values are two-sided, and p-values lower than 0.05 were
considered significant.

Results
Patient characteristics. In total, 27 patients who received
either IC-CRT (n=9) or CRT alone (n=18) were included in
the final analysis. The median age at diagnosis was 63
(range=41-83) years and 19 patients (70.4%) were male.
Tumor characteristics were not significantly different
between groups, indicating that the matching procedure
worked well (Table I). 

Treatment compliance. All patients completed the
programmed treatment. No patient stopped IC. All patients
received the radiation therapy-prescribed total dose. Overall,
radiotherapy was interrupted for a mean period of 7 days for
acute toxicity in seven patients (25.9%; n= 3 in the IC-CRT
group, n=4 in the CRT group). Concomitant chemotherapy
for the three patients in the IC-CRT group was suspended
indefinitely, and thus they received fewer than three cycles
of cisplatin. After the end of CRT, a clinical complete
response was observed in 15 patients (55.6%; n=4 in the IC-
CRT group, n=11 in CRT group). Clinical locoregional re-
evaluation was stable in only one CRT case.

Clinical outcomes. The median follow-up was 38 (range=2-
83) months for the entire cohort, 46 (range=11-83) months for
the IC-CRT group and 31 (range=2-72) months for the CRT
group. In total, nine patients deaths were recorded, one in the
IC-CRT group and eight in the CRT group. Overall, the 5-year
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Table I. Baseline characteristics of the patient population.

                                                                Patients (%)         

Characteristics                             All         IC-CRT        CRT       p-Value

Median age (range), years    63 (41-83)  65 (54-74)   59 (41-83)       
Gender                                                                                                 0.84
    Male                                  19 (70.4)       6 (66.7)     13 (72.2)         
    Female                                8 (29.6)       3 (33.3)       5 (27.8)         
Primary tumor site                                                                              0.50
    Tonsil                                21 (77.8)       8 (88.9)     13 (77.2)         
    Base of tongue                   6 (22.2)       1 (11.1)       5 (27.8)         
Clinical tumor stage (T)                                                                     0.31
    T1-2                                    9 (33.3)       4 (44.4)       5 (27.8)         
    T3-4                                  18 (66.7)       5 (55.6)     13 (77.2)         
Clinical nodal stage (N)                                                                     0.81
    N0-1                                    6 (22.2)       2 (22.2)       4 (22.2)         
    N2-3                                  21 (77.8)       7 (77.8)     14 (77.8)         

IC: Induction chemotherapy; CRT: chemoradiotherapy.



OS and DFS rates were 63.9% [95% confidence interval
CI)=42-80%] and 63.9% (95% CI=41-80%), respectively
(Figure 1). No significant difference were recorded between
the IC-CRT and CRT groups in term of OS (88.9% vs. 50.4%,
p=0.08) and DFS (88.9% versus 49.6%, p=0.09).

Distant metastasis occurred in six patients, one in the IC-
CRT group and five in the CRT group, resulting in a 5-year
MFS rate of 88.9% (95% CI=43-98%) in the IC group and
50.8% (95% CI=24-72%) in the CRT group (p=0.09). MFS
curves based on treatment group are shown in Figure 2.

Toxicity. All patients had acute toxicity associated with
treatment. Details are shown in Table II.

The incidence and severity of oral mucositis seemed to be
improved in the IC-CRT group compared to standard CRT.
Overall, the significant differences in severe toxicity between
the two groups were for grade 3-4 radiation dermatitis
(p=0.05) and oral pain (p=0.02). The most important late
local toxicities among surviving patients in both groups were
xerostomia and dysgeusia.

Discussion

This case-matched analysis of patients with HPV-negative
oropharyngeal squamous cell carcinoma treated with or
without IC prior to standard CRT suggests that IC may

achieve improvement in distant disease control, while
preserving similar toxicity rates. We found that patients who
had IC followed by platinum-based CRT had lower rates of
distant metastases than those who had received CRT alone.
Although the differences were non significant, the OS and
DFS rates for the IC-CRT group were also higher than those
for the CRT group. With regard to toxicity, there was no
meaningful difference in toxicity between patients who had
IC and those who did not. Severe oral mucositis and oral
pain were the major acute adverse events associated with IC.

These results suggest that IC could be of benefit to
selected patients. Based on the consolidate assumption that
clinical trials should be designed specifically for tumor HPV
status, and in order to achieve the highest quality of research
and to generate valid hypothesis, we considered only HPV-
negative patients in this analysis (13). The advent of IC has
heralded a new era in the treatment paradigm for locally
advanced oropharyngeal cancer. Although a poor prognosis
of patients with HPV-negative carcinoma has been detected,
it remains unclear if patients would benefit from IC. No
direct evidence from clinical randomized trials a currently
exists to compare IC plus CRT to concurrent standard CRT
for HPV-negative patients.

To our knowledge, this is the first study that tested the
clinical benefit associated with the use of standard
chemotherapy regimen –in both induction and concomitant
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Figure 1. Overall and disease-free survival of the entire cohort.



phases– and radiation fractionation in this setting of patients.
It was highly likely that the two patients groups would have
significant baseline differences that could confound the
analysis of final outcomes. In order to reduce the effect of

treatment selection bias and simulate the effects of
randomization, we performed a propensity score analysis.
The considerable delay in distant metastasis in the IC-CRT
group was consistent with meta-analysis of Chemotherapy in
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Figure 2. Metastasis-free survival according to treatment group. 

Table II. Acute and late toxicity after therapy.

                                                                                                  Grade 1-2                                                                                  Grade 3-4                    

Toxicity                                            IC-CRT, n (%)               CRT, n (%)                 p-Value            IC-CRT, n (%)             CRT, n (%)             p-Value

Acute                                                                                                                                                                                                                              
Radiation dermatitis                             3 (33.3)                        8 (44.4)                       0.55                     2 (22.2)                        0 (0)                     0.05
Mucositis oral                                        3 (33.3)                          9 (50)                         0.56                     6 (66.7)                       9 (50)                    0.56
Odinophagia/oral pain                          3 (33.3)                       15 (83.3)                      0.01                     6 (66.7)                      3 (16.7)                   0.02
Xerostomia                                            8 (88.9)                       13 (72.2)                      0.27                       0 (0)                           0 (0)                        -
Dysgeusia                                              8 (88.9)                       15 (83.3)                      0.79                       0 (0)                           0 (0)                        -
Dysphagia                                              6 (66.7)                        8 (44.4)                       0.18                     2 (22.2)                      6 (33.3)                   0.52
Neutrophil count decrease                    1 (11.1)                         1 (5.6)                         1.0                        0 (0)                         1 (5.6)                    0.67

Late                                                                                                                                                                                                                                  
Xerostomia                                            7 (77.8)                       11 (61.1)                      0.54                       0 (0)                           0 (0)                        -
Dysgeusia                                              1 (11.1)                        7 (38.9)                       0.14                       0 (0)                           0 (0)                        -
Dysphagia                                              3 (33.3)                        4 (22.2)                       0.51                       0 (0)                           0 (0)                        -
Peripheral neuropathy                             0 (0)                           4 (22.2)                       0.18                       0 (0)                           0 (0)                        -
Trismus                                                     0 (0)                            1 (5.6)                        0.67                       0 (0)                           0 (0)                        -
Osteoradionecrosis                                   0 (0)                            1 (5.6)                        0.67                       0 (0)                           0 (0)                        -

IC: Induction chemotherapy; CRT: chemoradiotherapy.



Head and Neck Cancer results (MACH-NC) (HR=0.73,
p=0.001) (14). These findings suggest mechanisms for
potential synergy among IC and CRT to influence the
incidence of distant metastasis. We hypothesized that
reinforcement of systemic control with standard
recommended treatment could be an additional strategy to
improve survival of patients with HPV-negative locally
advanced oropharyngeal cancer. A recent meta-analysis
addressed the question of whether IC followed by concurrent
CRT is superior to in term of clinical outcomes to definitive
CRT in head and neck cancer (15). The lack of a significant
survival benefit indicates we should stop the administration
of induction TPF in clinical practice. But there are several
limitations to this meta-analysis and thus one must be
cautious when interpreting the results. Although the
heterogeneity was 0%, it should be noted that different
concurrent chemotherapy schemes and a non-standard CRT
regimen were used (4, 5). Thus it is debatable whether the
non-standard CRT schedule could contribute to reducing the
absolute survival difference. However, the potential
oncological advantages of IC should not be neglected due to
fear of an increase in toxicity rates or reduction in treatment
compliance. In fact, in our analysis, the compliance, as well
as treatment-related side-effects were comparable in the two
groups of patients, indicating that the technical feasibility
and safety of IC followed by CRT is similar to those of
concomitant CRT alone. Takacsi-Nagy et al. experienced the
same phenomenon in their patients randomized to IC plus
CRT or CRT alone (16). Severe toxicity was higher in the
IC-CRT group than in CRT patients (40 events versus 30
events, p=0.008), but the authors reported that it was
manageable and did not interfere with treatment course. 

Notably, our study had several limitations. The analysis
was retrospective, even though both patient baseline
characteristics and intensity-modulated radiotherapy
technique were similar for the two groups. However, HPV
data and relatively longer follow-up times represent an
essential advantage of the present analysis. That the better
survival rate of IC-CRT patients showed only a positive
trend may due to the smaller sample size. These data will be
potentially useful as a reference in the future to delineate the
selective use of IC in the management of HPV-negative
oropharyngeal squamous cell carcinoma. 

Future research is imperative and a major consideration
can be proposed. Clinical strategy requires treatment
intensification to improve outcomes, especially in HPV-
negative patients. Emphasis should be focused on
intensification of the standard treatment approach, which
may be more useful than the new investigational systemic
therapies but will require further validation. Evaluation of
these specific responses may allow future optimization in
clinical practice, and, as exploration of IC continues, new
recommendations may emerge. A small sample size does

limit the conclusions that can be drawn from our study,
although the low rates of distant metastasis and toxicity are
encouraging. Prospective randomized clinical trials to
provide more definitive information regarding IC followed
by standard CRT are needed.

Our results revealed that IC followed by standard CRT
could affect the MFS in HPV-negative oropharyngeal
squamous cell carcinoma. This case-matched analysis could
serve as comparison for a new combination therapy being
investigated. Further homogeneous studies should be useful
in better determining the real value of IC in HPV-negative
oropharyngeal cancer.
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