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Abstract

Purpose Previous pilot data suggested that venlafaxine could
prevent acute and chronic oxaliplatin-related neuropathy. The
purpose of this randomized, placebo-controlled, double-
blinded pilot study was to obtain additional data to support
conducting a phase III trial to test the use of venlafaxine to
prevent oxaliplatin neurotoxicity.

Methods Fifty patients, scheduled to undergo oxaliplatin-
based therapy (FOLFOX) for stages II-III (67 %) or stage
IV (33 %) colon cancer, were randomized to receive
venlafaxine extended release (37.5 mg) or placebo, twice dai-
ly, through their last dose of oxaliplatin and then titrated off.
Neurotoxicity was evaluated via several patient- and
physician-reported measures, including the European Organi-
zation for Research and Treatment of Cancer Quality of Life
Questionnaire-Chemotherapy-Induced Peripheral Neuropathy
20 (EORTC QLQ-CIPN20) instrument.

Results Baseline patient characteristics were equivalent for
the two arms, with a median age of 60 years. There was a
trend toward benefit for the venlafaxine arm, when evaluated
by the oxaliplatin-specific neuropathy scale and by acute neu-
ropathy measures of throat discomfort and discomfort
swallowing cold liquids, the latter only for the first two
oxaliplatin doses. These trends were outweighed by a lack of
any such trends in all other measurements including the
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following: (1) the CIPN20 sensory subscale (P=0.55, primary
endpoint), physician-completed NCI CTCAE assessment, or
cumulative administered oxaliplatin doses (median 716 vs
631 mg for placebo and venlafaxine, respectively, P=0.34).
Conclusions The present study neither supports the use of
venlafaxine for preventing oxaliplatin-induced neuropathy in
clinical practice nor the initiation of a phase III trial to inves-
tigate venlafaxine in this setting.
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Introduction

Oxaliplatin is widely used for the treatment of a number of
malignancies and has become an integral part of chemothera-
py regimens for adjuvant and metastatic colorectal cancer,
particularly in combination with a fluoropyrimidine and
leucovorin, as in FOLFOX [1, 2].

The dose limiting toxicity of oxaliplatin is neurotoxicity,
which presents with distinct acute and chronic forms [3],
thought to arise out of unique mechanisms. The acute mani-
festations include increased sensitivity to touching cold items
or swallowing cold liquids, throat discomfort, and muscle
cramping. These acute symptoms, which are manifested in
85-95 % of exposed patients, peak 3 days after oxaliplatin
administration; recent evidence indicates that the symptoms
may not be fully reversible between cycles [4]. The chronic
manifestations consist of sensory impairment of peripheral
nerves with distally pronounced dysesthesias and paresthesias
of the extremities, which increase in intensity with cumulative
doses. These symptoms can significantly affect patient func-
tion and quality of life and may last for years after treatment
completion [1, 4-6].
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The acute and chronic symptoms differ in clinical manifes-
tations and are thought to arise out of distinct mechanisms. A
commonly proposed mechanism for acute neurotoxicity in-
volves the impact of oxalate, a metabolite of oxaliplatin, on
Na-+voltage-gated ion channels either via chelation of calcium
and magnesium or through alteration of currents through these
channels [7-9]. Chronic neurotoxicity is thought to be from a
similar mechanism as occurs with other platinum agents, me-
diated by length-dependent axonal degeneration, mitochon-
drial disruption, and disruption of nerves in the dorsal root
ganglion [10-12].

Effective treatments for the neurotoxicity associated
with oxaliplatin are lacking [13]. In the recent past, sub-
stantial focus had been on prophylactic treatment strate-
gies with infusional calcium and magnesium (Ca/Mg)
during oxaliplatin administration [14]. This treatment ap-
proach was based on the hypothesis that infusional Ca/
Mg may prevent chelation of intracellular calcium by
metabolites of oxaliplatin [15]. Although Ca/Mg had
been widely used and previous clinical studies reported
potential benefit with Ca/Mg for the prevention of
oxaliplatin neuropathy [16, 17], a recently published ran-
domized phase III trial of 353 patients receiving
FOLFOX demonstrated no statistical differences in acute
or chronic neurotoxicity among those who received Ca/
Mg versus placebo [18]. Thus, alternative effective
means of preventing oxaliplatin-associated neuropathy
are desired.

Venlafaxine, a serotonin-norepinephrine reuptake inhibitor
(SNRI), is helpful for neuropathic pain caused by conditions
other than chemotherapy (e.g., diabetes and zoster) [19]. A
series of case studies have supported the use of venlafaxine
for prevention and treatment of chemotherapy-induced pe-
ripheral neuropathy (CIPN), particularly that caused by
oxaliplatin [20-22]. A small randomized placebo-controlled
phase I trial (EFFOX), by Durand et al., enrolled 48 patients
who had reported distressing acute neurotoxicity from
oxaliplatin. Significant improvements were reported for both
acute and grade 3 chronic neuropathy symptoms, in those
receiving venlafaxine [23].

Based on these data, the current pilot, randomized, place-
bo-controlled, double-blind study was developed to further
investigate the potential efficacy of venlafaxine for the pre-
vention of oxaliplatin-induced neuropathy. It was hypothe-
sized that results would support the findings seen in the pre-
viously reported trial [23] and provide further data to support
the conduct of a larger, more definitive phase I trial.

Patients and methods

Patients considered for this clinical trial had to be adults
scheduled to undergo FOLFOX chemotherapy with
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individual oxaliplatin doses of 85 mg/m?* per cycle, given
in 2-week cycles. Patients had to be registered and begin
this study prior to their second cycle of FOLFOX. Inclu-
sion criteria included adequate blood counts and serum
creatinine values and Eastern Cooperative Group perfor-
mance status of two or better. Exclusion criteria included
previous receipt of neurotoxic chemotherapy, pre-existing
peripheral neuropathy of any grade, or prior use of anti-
depressant, anticonvulsant, or other neuropathic pain
medications such as carbamazepine, phenytoin, valproic
acid, gabapentin, lamotrigine, topical lidocaine patch or
gel, capsaicin cream, or amifostine.

Patients were stratified according to (1) planned concurrent
calcium/magnesium (Ca/Mg) administration (yes vs no), (2)
colon cancer stage (I or III vs IV), and (3) study initiation
cycle (prior to the first cycle vs prior to the second cycle of
FOLFOX). Patients were randomly assigned, using the
Pocock-Simon dynamic allocation procedure which balanced
the marginal distributions of the stratification factors between
the treatment groups, to venlafaxine XR 37.5 mg twice daily
vs a placebo twice daily [24]. Venlafaxine/placebo treatment
was to start on the evening of the first or second chemotherapy
dose and be taken through 1 week following the last dose of
FOLFOX.

Patient-reported neurotoxicity and symptom evaluations
were to be obtained by three patient assessments. The first is
the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire-Chemotherapy-
Induced Peripheral Neuropathy 20 instrument (EORTC
QLQ-CIPN20). This 20-item CIPN-specific questionnaire in-
cludes scales assessing sensory, motor, and autonomic symp-
toms; it has been tested in cancer patients receiving a variety
of chemotherapies and shown to have internal consistency and
reliability [25, 26]. The second is the Oxaliplatin Acute Symp-
tom Questionnaire that has questions structured on a 0 (no
problem) to 10 (major problem) numerical analog rating scale
addressing “sensitivity touching cold items,” “discomfort
swallowing cold items,” “throat discomfort,” and “muscle
cramps” during the previous 24 h. While this tool has not
undergone formal validation testing, it was developed using
a validated method (numerical analog tool) and has been used
in other publications [17, 18], as there is no validated patient-
reported outcome tool for measuring acute oxaliplatin neurop-
athy. The third is a supplemental symptom questionnaire that
rated additional symptoms of diarrhea, abdominal cramping,
constipation, bowel problems, and dysphagia, on numerical
analog scales ranging from O to 10.

Physician-reported evaluations were also collected. The
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE) version 4 was used to classify
neurotoxic symptoms and other adverse events (AEs). An
Oxaliplatin Specific Neurotoxic grading scale rated the revers-
ibility of neurotoxicity symptoms between treatment cycles
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[27]. 1t is noted that this tool has not undergone extensive
validation.

Data were also collected with regards to oxaliplatin doses
administered to patients on each study arm.

History and physical exam were completed at baseline. The
patient questionnaires and physician assessments were
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completed prior to each FOLFOX treatment. The patient ques-
tionnaires regarding chronic neuropathy were also to be com-
pleted at 1, 3, 6, and 12 months after finishing FOLFOX
therapy. Additionally, the Oxaliplatin Acute Symptom Ques-
tionnaire was completed on chemotherapy treatment days and
for 5 consecutive days post-chemotherapy.
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Fig. 2 Acute symptoms over time regarding sensitivity to touching cold items (a), discomfort swallowing cold liquids (b), throat discomfort (c), and
muscle cramps (d). Data collected via the Oxaliplatin Acute Symptom Questionnaire; higher scores represent more symptoms
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Fig. 3 Peripheral sensory neuropathy changes over time for the two
study arms, as measured by the sensory scale of the EORTC QLQ-
CIPN20 instrument, during chemotherapy (a) and following the
cessation of chemotherapy (b); higher scores represent fewer symptoms

Each participant signed an IRB-approved, protocol-
specific informed consent in accordance with US federal and
institutional guidelines.

Statistical methods

The primary goal was to explore whether venlafaxine could
prevent or ameliorate chronic neurotoxicity associated with
oxaliplatin using the sensory subscale of the EORTC QLQ-
CIPN20 measurement tool. The EORTC QLQ-CIPN20 sub-
scales were computed according to the standard scoring algo-
rithm and then transformed to a 0-100 scale, where high
scores meant less symptom burden. The primary analysis

@ Springer

employed longitudinal mixed effects models to assess the dif-
ference in sensory neuropathy by treatment arm over time.

The secondary and tertiary goals were to explore whether
venlafaxine could ameliorate chronic motor and autonomic
neurotoxicity, acute neurotoxicity, and to assess adverse
events. Secondary endpoints were assessed using the motor
and autonomic subscales of the EORTC QLQ-CIPN20, the
CTCAE, and Oxaliplatin Specific Neurotoxic grading scale
grades, and results of the individual questions of the
Oxaliplatin Acute Symptom Questionnaire.

Analyses for secondary/tertiary endpoints were descriptive,
and adjustments were not made for multiple comparisons due
to the exploratory nature of this research. Linear growth curve
models were utilized for the motor and autonomic subscales.
Frequencies and percentages were calculated for discrete data
and analyzed using chi-square or Fisher exact methodology.
Summary statistics, including means and medians, were com-
piled for continuous data and analyzed using two-sided # test,
Wilcoxon, or Kruskal-Wallis techniques, as appropriate.
Times to neurotoxic events were calculated, and Kaplan-
Meier techniques were employed to determine differences in
treatment arms.

The sample size for this pilot study was set at 50 patients (25
per treatment group) for logistical and financial reasons. This is
similar in size to the Durand et al. trial which had 48 patients
[23]. The study was designed to have the power to detect mod-
erate differences; with 25 patients per group, we predicted that
we would be able to detect effect sizes similar to what was
observed in the Durand trial. In this trial, grade 3 CIPN was
0 % in the venlafaxine arm versus 33.3 % in the placebo arm
at 3 months, and full relief of acute neurotoxicity was 31 % in
the venlafaxine arm versus 5 % in the placebo arm in the few
days after each cycle. In terms of the primary endpoint with the
EORTC QLQ-CIPN20 sensory subscale, we estimated that we
had a 53 % power to detect an effect size of 0.5 in EORTC QLQ-
CIPN20 at 3-month follow-up with a sample size of 50 patients.

Data collection and statistical analyses were conducted by
the Alliance Statistics and Data Center.

Results
Baseline characteristics

This study accrued 50 patients from 9 individual sites between
February 2012 and March 2014. Two patients, one on each
arm, did not receive treatment and were excluded from the
analyses. The remaining 48 patients all received the modified
FOLFOX 6 regimen. Baseline patient characteristics were
equivalent in the two arms. The mean age was 60.3 (placebo
58.4, venlafaxine 62.3; p=0.18); 48 % were female (50 %,
46 %; 0.77); 94 % were Caucasian (96 %, 92 %, 0.55); 64/
36 % of patients were receiving adjuvant/metastatic disease



Support Care Cancer (2016) 24:1071-1078

1075

CIPN20: Tingling Fingers/Hands

CIPN20: Tingling Toes/Feet

Fig. 4 Changes over time for 100 - T 100 -
individual questions from the g g
EORTC QLQ-CIPN20 ?3' 80 + g 80 -
instrument: Do you have tingling g 60 | g 60 |
fingers or hands? (a); Do you 2 g
have tingling toes or feet? (b); Do g 40+ —Venlafaxine S 40
you have numbness in your £ P=0.7414 ----Placebo £ P=0.4259
fingers or hands? (¢); Do you @ 20 @ 20
NP 1 2 3 4 56 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
have numbness in your toes or
feet? (d); Do you have shooting or £ 100 - CIPN20: Numbness in Fingers/Hands £ 100 - CIPN20: Numbness in Toes/Feet
burning pains in your fingers or 2 2
hands (e); Do you have shooting - 80 % 80 -
or burning pains in your toes or g g
feet? (f). Higher scores represent 8 601 8 601
fewer symptoms 5 40 | 15 40 |
a - a
£ P=0.8239 £ P=0.6278
» 20 @ 20
1.2 3 4 5 6 7 8 9 10 11 12 1.2 3 4 5 6 7 8 9 10 11 12
_ CIPN20: Shooting/Burning Pain in Fingers/Hands = CIPN20: Shooting/Burning Pain in Toes/Feet
S 100 - S 100 1 _
@ [} i -
E . E
» 80 - J - 80 -
2 <4
S 60 - g 60 1
£ £
S 40 - S 40
£ £
(/>)‘ 20 P=0.6510 (F 20 P=0.2955
1.2 3 4 5 6 7 8 9 10 11 12 1.2 3 4 5 6 7 8 9 10 11 12
Patient numbers Cycle Patient numbers Cycle
20 22 17 18 16 14 13 10 5 5 5 4 20 22 17 18 16 14 13 10 5 5 5 4
----- 21 18 17 18 18 14 12 8 11 10 7 4 -----21 18 17 18 18 14 12 8 11 10 7 4

treatments (52/48 %, 74/26 %; 0.14); 10 % were scheduled to
receive concomitant intravenous calcium and magnesium to
try to decrease neuropathy (8 %, 13 %; 0.64); and 33 % had
stage 4 disease (38 %, 29 %; 0.54). Patient study flow is
illustrated in Fig. 1.

Acute neuropathy

Acute neuropathy data, collected via the Oxaliplatin Acute
Symptom Questionnaire (Fig. 2), did not suggest that there
was any substantial benefit for venlafaxine. However, with
the venlafaxine arm, there appeared to be somewhat less (1)
throat discomfort (Fig. 2b) and (2) discomfort swallowing
cold liquids (Fig. 2c¢), the latter observed only for the first
two oxaliplatin doses.

Chronic neuropathy

The primary endpoint of CIPN, as measured by the EORTC
QLQ-CIPN20 sensory neuropathy scale and analyzed using
growth curve models, demonstrates no significant differences
between placebo and venlafaxine arms (Fig. 3a, p=0.55).
Growth curve models using the motor and autonomic sub-
scales of the EORTC QLQ-CIPN20 also indicated no differ-
ences between arms (p=0.25 and p=0.23, respectively; data
not shown). Follow-up data, following the completion of
oxaliplatin, for the sensory subscale are illustrated in Fig. 3b
which numerically favor the placebo arm. Data from the six

individual questions of the EORTC QLQ-CIPN20 sensory
scale (numbness, tingling, and shooting/burning pains in
fingers/hands and in toes/feet) are illustrated in Fig. 4, again
failing to illustrate any significant differences between the two
study arms. Evaluation of the other 14 items in the EORTC
QLQ-CIPN20 tool, likewise, did not demonstrate any sugges-
tion of benefit for the venlafaxine arm (data not shown).

Time to neurotoxic events

When neurotoxicity was evaluated by clinician-determined
measurements using CTCAE criteria, there were 11 grade
2+CIPN AEs in the placebo arm and 8 grade 2+CIPN AEs
in the venlafaxine arm. Kaplan-Meier analyses indicate no
significant differences between the two study arms in the time
these events occurred (p=0.35, Fig. 5a). Similarly, the time to
grade 2+oxaliplatin-specific neuropathy, as measured by the
Oxaliplatin Specific Neurotoxic grading scale, was not signif-
icantly different between the two treatment arms (p=0.35,
Fig. 5b).

Oxaliplatin dose delivery

Since neurotoxicity can limit oxaliplatin dosing or influence
early discontinuation, cumulative oxaliplatin dosage and dis-
continuation were evaluated. Figure 6 illustrates the percent-
age of patients continuing on oxaliplatin (Fig. 6a), percentage
receiving full dose (Fig. 6b), and the mean oxaliplatin doses
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over time (Fig. 6¢), all numerically favoring the placebo arms.
Correspondingly, the placebo group had a numerically larger
mean cumulative oxaliplatin dose (716 vs 631 mg, p=0.35).

Evaluation of venlafaxine toxicity

There was no suggestion of any differences, between the study
arms, for nausea, anxiety, agitation, somnolence, hyperten-
sion, or allergic reactions. Grades 3 and 4 toxicities were rare
in both arms. One patient in each arm experienced grade 3
hypertension. Severe neutropenia was reported in three pa-
tients in the placebo arm and five in the venlafaxine arm.
There were no severe gastrointestinal toxicities noted in either
group. Patient-reported symptoms were not significantly dif-
ferent between arms even though placebo patients had numer-
ically worse diarrhea symptoms.

Discussion
Do the data from this study support the conduct of a larger

phase III trial to investigate the use of venlafaxine for the
prevention of oxaliplatin induced peripheral neuropathy?
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There was a suggestion of some small benefit for venlafaxine,
when evaluated by the Oxaliplatin Specific Neurotoxic grad-
ing scale and by acute neuropathy measures of (1) discomfort
swallowing cold liquids and (2) throat discomfort, the latter
observed only for the first two oxaliplatin doses. These posi-
tive trends, however, were outweighed by a lack of any such
trends in the other measurements, including the following: (1)
the EORTC QLQ-CIPN20 sensory, motor, or autonomic neu-
ropathy subscales; (2) any of the individual items of the
EORTC QLQ-CIPN20 tool; (3) the NCI CTCAE tool; (4)
the evaluations of the doses of oxaliplatin that were able to
be administered; and (5) the bulk of the acute neuropathy data.
In fact, some of these other items tended to favor the placebo
arm. Thus, the current study does not support the conduct of a
larger phase III trial to investigate the use of venlafaxine for
the prevention of oxaliplatin-induced peripheral neuropathy.
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Why do the results from the current study contrast with
those reported by Durand et al. [28]? Although the current
study had similarities to these previously published data, in-
cluding the randomized design and size, there are some dif-
ferences between these studies. First, the current trial utilized
venlafaxine extended release 37.5 mg twice daily during the
duration of FOLFOX treatment, while the EFFOX trial uti-
lized a single dose of short acting venlafaxine 50 mg 1 h prior
to oxaliplatin infusion and then venlafaxine extended release
37.5 mg twice daily from day 2 to day 11. Thus, the
venlafaxine dose in the current trial was actually higher than
that used in the former trial, as it did not have drug-free days.
Dose differences between the two trials do not rationally ex-
plain the different results.

Second, the inclusion criteria for the study by Durand et al.
required patient reporting of distressing neurotoxicity after
administration of an initial dose of oxaliplatin. At study initi-
ation, subjects had already received a median of 4 cycles of
oxaliplatin in the venlafaxine arm and 5 cycles in the placebo
arm. The current study did not allow any prior neurotoxic
chemotherapy nor pre-existing neuropathy, and all patients
initiated treatment prior to cycle 2 of FOLFOX. Perhaps, these
inclusion criteria differences might have resulted in more pa-
tients at-risk for neuropathy in the former trial, as data dem-
onstrate patients with more severe acute neuropathy develop
more chronic neuropathy [4, 29-31]. However, it is not clear
that inclusion criteria differences explain the different study
outcomes.

Third, the Durand et al. trial utilized the 12 question
patient-completed Neuropathic Pain Symptom Inventory.
This tool is known to evaluate spontaneous ongoing pain,
spontaneous paroxysmal pain, paraesthesias/dysesthesias,
and the temporal sequence of pain [32]. Functional impair-
ment was queried separately. This tool was not specifically
developed to measure CIPN, understanding that, at the time
the Durand et al. trial was conducted, less was known about
using patient-specific neuropathy tools. The EORTC QLQ-
CIPN20 tool evaluates sensory, motor, and autonomic symp-
toms with a particular focus on functional impairment and has
been validated in patients receiving chemotherapy [25, 26].
The current study used both patient- and clinician-reported
measures of neurotoxicity, with relatively close agreements
between the two methodologies. It is possible that the current
trial was better able to measure CIPN.

‘Was the negative result of the current trial due to the use of
a venlafaxine dose that was too low? Randomized trial data
support improved efficacy for venlafaxine in the setting of
painful neuropathy at higher doses than were utilized in the
current study [33]. A commonly recommended venlafaxine
dose, when used for painful neuropathy, is 75 mg of extended
release twice daily [34]. Venlafaxine has a high affinity for the
5-HT transporter but a relatively lower affinity for norepi-
nephrine transporter, compared to other SNRIs. At lower

doses, it is felt to act as a selective serotonin reuptake inhibitor
(SSRI) [35] and may not have the same activity against pain-
ful neuropathy. The current study’s lower venlafaxine dose
was chosen based on the Durand et al. data and the desire to
not add additional toxicity to the current study patients receiv-
ing chemotherapy. At higher doses, venlafaxine toxicity in-
cluding nausea and hypertension is more pronounced and may
compound chemotherapy-related side effects during
treatment.

In total, the data from the current trial do not support
conducting a phase I1I study of venlafaxine in this population.
Further work is needed to identify other agents with potential
efficacy for the prevention of CIPN.
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