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Abstract

AIM: To investigate whether selenomethionine (SLM)
reduces mucositis incidence in patients with head and
neck squamous cell cancer (HNSCC) undergoing concur-
rent chemoradiation (CRT).

METHODS: In this multi-institutional, randomized,

double-blind phase 1I trial, patients with Stage 1l or IV
HNSCC received SLM 3600 pg/m?’ or placebo twice daily
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for 7 d prior to CRT, once daily during CRT, and daily for
3 wk following CRT. CRT consisted of 70 Gy at 2 Gy per
fraction with cisplatin 100 mg/m’ IV on days 1, 22, and
43.

RESULTS: Eighteen patients were randomized, 10
received SLM, and there were no differences in baseline
factors. There was no difference in mucositis or patient-
reported side effects between groups. There was no
difference in overall or relapse-free survival at 12 mo.

CONCLUSION: Addition of SLM to CRT for HNSCC was
well-tolerated but did not lower the incidence of severe
mucositis or improve quality of life or survival outcomes.

Key words: Selenium; Chemotherapy; Radiation therapy;
Squamous cell cancer; Radioprotector; Chemoprotective

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is an international, randomized, double-
blind, placebo-controlled phase 1I trial evaluating the
addition of selenomethionine (SLM) to concurrent chemor-
adiation for locally advanced squamous cell carcinoma
of the head and neck. The addition of SLM was well
tolerated, but did not lead to a difference in the rates of
mucositis, or quality of life outcomes vs placebo.

Mix M, Singh AK, Tills M, Dibaj S, Groman A, Jaggernauth
W, Rustum Y, Jameson MB. Randomized phase I trial of
selenomethionine as a modulator of efficacy and toxicity of
chemoradiation in squamous cell carcinoma of the head and neck.
World J Clin Oncol 2015; 6(5): 166-173 Available from: URL:
http://www.wjgnet.com/2218-4333/full/v6/i5/166.htm DOI:
http://dx.doi.org/10.5306/wjco.v6.15.166

INTRODUCTION

Head and neck squamous cell cancers (HNSCC) are
occurring with increasing incidence!. Worldwide, appr-
oximately 350000 diagnoses are expected annually*?.
HNSCC is often related to tobacco and alcohol ex-
posure™, human papilloma virus exposure™, or some
combination of these factors.

Over the past 2 decades, concurrent chemoradiation
therapy (CRT) without surgery has demonstrated the
ability to cure many HNSCC patients and preserve
important functions such as speech and swallowing.
Nevertheless, even with the improvements of modern
therapy, 5 year overall survival (OS) can be as low at
30%-40%"*°!, Moreover, both the acute and late side
effects with concurrent CRT (e.g., mucositis, xerostomia,
etc.) can be severe. Acute effects can be sufficiently
severe to necessitate a treatment “break” during the-
rapy. Each day of treatment prolongation can reduce

WJCO | www.wjgnet.com
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local control and survival by 2%-5%",

Pre-clinical literature suggested that organic selenium
(Se) compounds including L-selenomethionine (SLM)
might have both anti-tumor'®**! and anti-toxicity™>**¢**!
effects when combined with CRT, potentially widening
the very narrow therapeutic window in HNSCC. This
promising dual anti-tumor and anti-toxicity effect lead
to human studies combining chemotherapy and Se
supplementation®?%,

This double blind, randomized, multi-institutional trial
was performed to assess whether SLM supplementation
can reduce the incidence of grades 3 or 4 mucositis in
HNSCC patients treated with concurrent CRT over 7 wk.

MATERIALS AND METHODS

Eligibility

Patients with stage II-IV HNSCC who were planned for
definitive treatment with 7 wk of concurrent cisplatin
and radiation were offered the opportunity to participate
on this phase II trial. All patients had biopsy-proven
locally-advanced HNSCC of oral cavity, oropharynx,
hypopharynx, larynx, nasopharynx or paranasal sinuses,
and had an eastern cooperative oncology group (ECOG)
performance status of 0-2. Excluded were those who
underwent definitive surgery (anything beyond excisional
biopsy) or those with Stage IVc disease (non-regional
metastatic disease), as well as those with malignancy
within the previous five years. Prior radiotherapy was
not permitted. HIV or hepatitis C positivity, platinum
hypersensitivity, inability to tolerate oral medications
(in absence of feeding tube), symptomatic peripheral
neuropathy, planned use of amifostine, and significant
comorbidity were all excluding factors.

Trial design

This double blind, placebo-controlled, randomized, multi-
institutional trial was designed to assess whether SLM
supplementation can reduce the incidence of grades 3 or
4 mucositis in HNSCC patients treated with concurrent
CRT over 7 wk. The trial was planned to recruit 80
patients but, due to funding constraints, recruitment was
suspended after 18 patients and an interim analysis was
performed to see if a sufficiently promising effect could
be discerned to warrant further funding.

The primary objective of this trial was to assess
whether SLM reduces the incidence of grades 3 or 4
mucositis in HNSCC patients treated with concurrent CRT
over 7 wk. Secondary objectives included assessment
of the effect of SLM on tumor complete response (CR)
rate, progression-free survival (PFS), OS and quality
of life (QOL). In addition, an assessment of whether
SLM reduces incidence and severity of other treatment-
related toxicity including xerostomia, renal impairment,
hearing loss, and myelosuppression was performed. In
New Zealand patients only, an exploratory objective was
to assess the impact of SLM on plasma free cisplatin and
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plasma Se pharmacokinetics and on pharmacodynamics
markers of biological activity of Se.

Written informed consent was obtained from all
patients. Following registration and fulfillment of all eligibi-
lity criteria, patients were allocated to either the control
or treatment arm in a 1:1 fashion using a permuted
block randomization scheme based on blocks of size 4,
stratified by site. The randomization list was generated
by the study biostatistician. The trial was approved by
the Roswell Park Cancer Institute Institutional Review
Board and the Northern Y Regional Ethics Committee
in New Zealand. The ClinicalTrials.gov identifier is
NCT01682031.

Radiation therapy

Radiation therapy structures and doses were consistent
with the radiation therapy oncology group 0522 trial
that was current at the time of this protocol. Briefly,
the primary tumor, gross adenopathy and margin were
treated to 70 Gy at 2 Gy per fraction in 35 daily treat-
ments, 5 d a week over 7 wk. The at-risk but clinically-
negative nodal regions were treated to 56 Gy in 35 daily
treatments, 5 d a week over 7 wk.

Simulation was performed with appropriate immo-
bilization in the treatment position. CT-based planning
was required, and dose was specified at the ICRU-50
reference point. Volumes were created according to the
1993 ICRU Report #50™, 3D conformal planning was
used, and IMRT was acceptable where feasible. Hete-
rogeneity corrections were not utilized. The planning
target volume was encompassed by the 90% isodose
line. Beam energies of = 6 MeV were utilized.

Cisplatin chemotherapy

Cisplatin was dosed at 100 mg/m? intravenously over
3 hin 1000 mL of normal saline on days 1, 22, and 43
of radiation therapy. Institution-specific standard pre-
medication protocols for hydration and anti-emetics
were used.

SLM/placebo dosing

SLM was supplied as 800 ug capsules or matching
placebo capsules (Sabinsa Corp., NJ). The number of
capsules taken was the closest equivalent to a dose of
3600 ug/m?’. This dose was taken twice daily orally for
7 d prior to initiation of CRT, based on pharmacokinetic
modeling aiming to achieve a serum level prior to
commencing CRT that approximated the steady-state
concentration expected with prolonged once-daily dosing
of 3600 pg/m?. Once CRT commenced, SLM/placebo
dosing was once daily and continued until 3 wk after
completion of CRT. Only for patients who were unable
to tolerate capsules was dosing allowed division to 2-3
doses/d. Patients who were unable to swallow capsules
or required tube feeding during or after CRT were asked
to open the capsules and add the contents to their liquid
feed. All patients were provided a diary to record capsule
usage.
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QOL measures

QOL assessments were carried out with the EORTC
quality of life questionnaire (QLQ) C-30 version 3, and
the EORTC QLQ - H and N35 module. Patients completed
QOL assessments at baseline visit, weeks 4 and 7 during
treatment, 6-8 wk post-treatment, and at 3 mo intervals
following completion.

Follow-up

After completion of therapy, patients were seen in follow-
up every 3 mo for 2 years, then every 6 mo to 5 years.
This included physical examination and speech/swallow
evaluation, assessment for adverse events and QOL, as
well as documentation of weight, ECOG performance
status, and adverse events. Relapse was defined as
local, regional, or distant. Disease was measured where
appropriate using the RECIST 1.0 Criteria®. Completion
surgery to sites of remaining disease after CRT was
performed if clinically appropriate.

Statistics

Sample size calculations were based on a grade
3 mucositis rate of 50% in published randomized
studies of similar schedules of concurrent cisplatin and
radiation for HNSCC. This study used the Phase 1I
b 3-region design concept allowing decisions of: (1)
clearly improved proportion with endpoint of interest; (2)
promising benefits in the proportion with endpoint of
interest; or (3) not worth pursuing'®. With this design
the chance of concluding there is an improvement in the
proportion with = grade 3 mucositis remains the same
as the standard 0.025 (one-sided) cut-off for evidence
of benefit. The lower cut-off fixes a 12.5% chance of
concluding SLM is not worth pursuing if the true benefit
is a reduction from 50% to 30% in rates of = grade 3
mucositis.

The primary analysis was by intention-to-treat.
Grade 3-4 mucositis, overall grades 3 and 4 toxicity,
and tumor response were to be compared as difference
in proportions with 95%CIs. Kaplan-Meier PFS curves
and the proportion with an event at 1 year for PFS
were to be compared simultaneously to obtain more
global sensitivity to differences in time-to-event. The
means between study groups and the proportion of
patients completing CRT as initially planned were to be
compared between groups using the student’s ¢ test.
Comparisons will be adjusted for baseline differences in
prognostic factors using logistic, Cox or linear regression
as appropriate. Distributions of time to event variables
will be estimated using the Kaplan-Meier method. Log-
rank tests were used for the comparison of survival
distributions among study groups. Continuous endpoints
will be summarized using means, standard deviations
and percentiles. Statistical analysis was done using SAS,
version 9.1, statistical software (SAS Institute Inc., Cary,
NC).

Three interim analyses were planned: the first after

>

=
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Table 1 Baseline characteristics

Table 2 Mucositis scores

Characteristic Placebo  Selenium P value
n=8) (n=10)

Median age 5515 59.5 0.700

Male sex 7 10 0.165

Race White 4 8 0.180
Other 4 2

Best response CR 7 6 0.196
Not evaluable 1 4

T stage 1 3 0 0.063
2 2 5
3 0 3
4 3 1
X 0 1

N stage 1 0 1 0.103
2 6 8
3 1 1
X 1 0

M stage 0 5 10 0.105
X 3 0

Stage group VA 7 8 0.108
VB 1 1
Unkn 0 1

Unkn: Unknown; CR: Complete response.

20 patients have completed CRT to ensure toxicity in
the SLM arm was not unacceptably high and the second
and third after one third and two thirds of the patients
had been followed for at least 18 mo.

RESULTS

Ten patients received SLM and 8 received placebo
capsules. Median age was 57, 17 patients were male.
There was no significant difference in race between the
two groups. Stage was evenly matched, all patients
having either stage IVA or IVB disease. See Table 1 for
patient and disease characteristics.

Treatment compliance

One patient randomized to SLM took one dose, com-
plained of a “bad taste” and withdrew from the trial.
All patients except one received the protocol-presc-
ribed dose of radiation. This patient experienced a
cerebrovascular event due to tumor involvement of the
carotid artery, leading to abandonment of treatment.
Eight patients received all three cycles of cisplatin as
planned, 6 patients received two cycles, two received
one cycle, and one patient had chemotherapy held
altogether.

Adverse events

There was no grade 4 mucosal toxicity. Grade 3 mu-
cositis was seen in 3 of 8 patients in the placebo group,
and 2 of 10 patients in the SLM group. These results are
summarized in Table 2. Hearing dysfunction was reported
in 1 patient from each group. Elevated creatinine was
noted in 1 patient in the placebo group, and was not
seen within the SLM group. Regarding myelosuppression
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Mucositis grade Placebo SLM
(n = 8) (n =10)

0 1 2

1 1 3

2 3 3

3 3 2

SLM: Selenomethionine.

Table 3 Other adverse events

Toxicity = grade 2 Placebo SLM
Dermatitis 0 2
Dry mouth 2 0
Dysgeusia 1 2
Anemia 1 0
Leukopenia 2 3
Thrombocytopenia 0 0
Odyno-/dysphagia 2 1
Oral/ throat pain 2 0
Phlegm 1 3
Elevated creatinine 1 0
Hearing dysfunction 1 1

SLM: Selenomethionine.

of placebo and SLM groups; anemia occurred in 1 and 0O,
leukopenia in 2 and 3, respectively. Non-mucosal adverse
events are summarized by treatment group in Table 3.

Response and survival
Only one patient (in the SLM group) failed to achieve a
CR and died of locally persistent and widely metastatic
disease. There was no discernible difference in OS or
PFS. Kaplan-Meier survival curves are shown in Figure 1.
EORTC QOL questionnaire scores at baseline, weeks
4 and 7 of CRT, and during the 1 year follow-up period
showed no significant differences between treatment
groups (data not shown).

Plasma Se

Blood draws to evaluate changes in plasma Se concen-
trations were undertaken in 8 patients from the NZ site.
Baseline mean Se was similar in the SLM and placebo
groups: 80.2 ng/mL and 105.1 ng/mL, respectively.
Plasma concentrations tended to fall in the placebo
group during and after CRT (Figure 2). In contrast, after
taking SLM twice daily for 1 wk mean plasma Se rose to
890.4 ng/mL (range 475.0-1104.7) and similar levels
were maintained with SLM once daily thereafter. About
1-2 wk after finishing SLM, plasma Se remained similar
to on-treatment levels.

DISCUSSION

This small trial underwent an interim analysis after 18
of a planned 80 patients were accrued, to see if there
was a sufficiently strong indication of efficacy to warrant
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Figure 1 Overall and progression-free survival.

further funding. No such signal of efficacy in either
reduction of toxicity or improved therapeutic benefit was
found, though given the single failure to achieve CR, no
conclusion regarding the effect of SLM on CRT efficacy
can be drawn from this trial. The reduction in incidence
of grades 3-4 mucositis from 37.5% to 20% in the
experimental group was consistent with the projected
effect size of 20%, however patient numbers were too
small for this difference to be significant.

Adding Se in treatment of HNSCC

Our findings agree with 2 other small studies of Se in
HNSCC patients. Eroglu et a/*®, in an observational
study (without Se supplementation) of 47 consecutive
patients receiving radiotherapy for HNSCC, found no
correlation between serum Se levels and radiation
toxicity®®. Bintzel et a/*”’ performed a randomized
phase II trial of 39 patients with advanced head and
neck cancer. Patients either received no Se substitution
or 500 ug sodium selenite orally on the days of radio-
therapy and 300 ug on days without radiotherapy. There
was no statistically significant difference in the incidence
of severe toxicity overall; however the weekly patient
analysis showed a significant reduction of dysphagia in
the Se group at the last week of irradiation”’,
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Figure 2 Mean (+ SE) trough selenium concentrations in plasma prior to
selenomethionine, after 1 and 2 wk of selenomethionine intake, and 1-2
wk after the end of treatment. SLM: Selenomethionine; Se: Selenium.

Studies of Se in other patient populations

Our trial results stand in contrast to the findings of
3 other studies in patients with cancers other than
HNSCC, which did show benefit to the addition of Se.
Muecke et al*®, in a multi-center phase I trial with the
primary endpoint of improving baseline serum Se levels
in Se-deficient patients, found in post-operative patients
with cervical cancer (n = 11) and uterine cancer (n =
70) a significant reduction in grade 2 or worse diarrhea
(20.5% compared with 44.5%; P = 0.04) in the group
supplemented with sodium selenite using the schedule
by Buntzel above®,

Jahangard-Rafsanjani et a/®® found that oral Se
200 pg twice daily significantly reduced oral mucositis
in the setting of allogeneic stem cell transplantation for
leukemia. In this 77 patient double-blind, randomized,
placebo-controlled trial, the incidence of severe oral
mucositis (grades 3-4) was significantly lower in the Se
group (10.8% vs 35.1%, P < 0.05). Also, the duration
of grades 2-4 mucositis was significantly shorter in the
Se group (3.6 £ 1.84dvs 5.3+ 2.2d, P = 0.014)*. A
series of randomized trials reported by Asfour et aff***"
using sodium selenite in conjunction with chemotherapy
for patients with non-Hodgkin lymphoma revealed a
small but significant survival advantage in those who
achieved a CR to therapy.

Our own trial in stage Il non-small cell lung cancer
patients showed that SLM 4800 pg daily was well-
tolerated in patients undergoing concurrent chemor-
adiation. The addition of SLM significantly reduced
the incidence of myelosuppression and displayed a
trend towards decreased rates of esophagitis and
pneumonitis™?.

In contrast, a prior phase [ trial from our group
has shown that SLM did not limit irinotecan toxicity™".
Furthermore, a phase 2, randomized, placebo-controlled
trial of 140 localized prostate cancer patients undergoing
active surveillance showed no difference in prostate
specific antigen (PSA) velocity with 200 pg/d or 800
ug/d Se supplementation (as selenized yeast). In
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fact, in patients in the highest quartile of baseline Se,
supplementation with high dose Se showed statistically
significantly higher PSA velocity as compared with
placebo (P = 0.018)",

There are a multitude of studies that have used Se
supplementation to try to prevent the development of
cancer in healthy patients, with mixed results”®*>". While
these studies are not directly relevant for comparison to
our trial, some have argued that perhaps the discrepant
results of prevention studies stem from the particular
Se compound and dose selected for supplementation®®®.
Similarly, it is possible that the discrepant results on
toxicity and efficacy trials as described may stem from
the use of different Se compounds and doses, in the
setting of different tumor types.

The optimum form and dosing of Se

With a mixed picture in human trials, the optimum form
and dosing of Se is not yet known. The pre-clinical literat-
ure on the dual anti-tumor™®*****! and anti-toxicity!**¢*!
effects of organic Se compounds’ ability to widen narrow
therapeutic windows in patients remains compelling.
The organic Se compounds, such as Se-methyl-L-sele-
nocysteine and selenite, are currently being evaluated
for safety, pharmacokinetics and dose-dependency of
pharmacodynamic mechanisms in phase I trials at our
institutions.

Conclusion

Though the addition of SLM to concurrent chemoradiation
for HNSCC was well-tolerated in this small trial, it did not
significantly lower the incidence of severe mucositis or
improve QOL outcomes. This is consistent with reports
from 2 other studies of Se in HNSCC patients. Given
that only a single failure to achieve CR was seen in this
trial, no conclusion regarding effect of Se on treatment
efficacy can be drawn from this trial.

COMMENTS

Background

Squamous cell carcinoma of the head and neck represents a significant
worldwide health burden, and composes a substantial proportion of all
cancer diagnoses. Concurrent radiotherapy and chemotherapy (CRT) has
demonstrated the ability to cure a substantial number of patients, while
maintaining important functions such as speech and swallowing. CRT,
however, has significant acute side effects. Mucositis is one CRT side effect
which can lead to interruptions of treatment. These interruptions are known
to be associated with inferior outcomes. Because selenium (Se) -containing
compounds have been suggested to effective protectors from radiation
toxicity, the current trial was designed to evaluate the potential benefit of
selenomethionine (SLM) in reducing rates and severity of mucositis during
CRT. Patients received either SLM 3600 pg/m2 twice daily for one week prior to
CRT, and once daily during CRT, or placebo, through a multicenter, randomized
clinical trial.

Research frontiers

As outcomes in cancers treated with radiotherapy continue to improve, there is
increasing emphasis on the importance of toxicity mitigation. In this study, SLM
failed to reduce the incidence and severity of mucositis during treatment with
CRT.
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Innovations and breakthroughs

The literature suggests a benefit for Se in protection from radiotherapy and
chemotherapy induced toxicity. The current trial, however, failed to show benefit
from the addition of Se to CRT treatment for head and neck cancer.

Applications
This study serves as additional evidence contributing to the current knowledge
regarding Se as a potential radioprotcetor.

Terminology

SLM: A naturally occurring amino acid containing Se, found in certain nuts,
beans, and legumes. Mucositis: Painful inflammation of mucous membranes.
This is a common side effect of cytotoxic therapies, such as chemotherapy and
radiotherapy.

Peer-review
This is a good study to evaluate Se supplementation in CRT.
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