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Purpose: We performed a randomized, double-
blind, placebo-controlled trial to assess the efficacy of
glutathione (GSH) in the prevention of oxaliplatin-in-
duced neurotoxicity.

Patients and Methods: Fifty-two patients treated
with a bimonthly oxaliplatin-based regimen were ran-
domized to receive GSH (1,500 mg/m? over a 15-
minute infusion period before oxaliplatin) or normal
saline solution. Clinical neurologic evaluation and elec-
trophysiologic investigations were performed at base-
line and after four (oxaliplatin dose, 400 mg/m?2), eight
(oxaliplatin dose, 800 mg/m?2), and 12 (oxaliplatin
dose, 1,200 mg/m?) cycles of treatment.

Results: At the fourth cycle, seven patients showed
clinically evident neuropathy in the GSH arm, whereas
11 patients in the placebo arm did. After the eighth
cycle, nine of 21 assessable patients in the GSH arm
suffered from neurotoxicity compared with 15 of 19 in

XALIPLATIN, A new cytotoxic agent from the dia-
minocyclohexane platinum family, has a spectrum of
activity and toxicity different from that of cisplatin and
carboplatin, and it has demonstrated a lack of cross-
resistance with other platinum compounds.® The role of
oxaliplatin in colorectal cancer has been well established. In
combination with fluorouracil (5FU), it represents an effec-
tive first-line therapy, and its addition to 5FU regimens also
represents an active salvage therapy.>® Furthermore, a
combination of oxaliplatin and 5FU has proven beneficial in
enabling surgical removal of hepatic resections in patients
with previously unresectable liver metastases.® The coming
years will probably expand the therapeutic potential of
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the placebo arm. With regard to grade 2 to 4 National
Cancer Institute common toxicity criteria, 11 patients
experienced neuropathy in the placebo arm compared
with only two patients in the GSH arm (P = .003). After
12 cycles, grade 2 to 4 neurotoxicity was observed in
three patients in the GSH arm and in eight patients in
the placebo arm (P = .004). The neurophysiologic inves-
tigations (sural sensory nerve conduction) showed a
statistically significant reduction of the values in the
placebo arm but not in the GSH arm. The response rate
was 26.9% in the GSH arm and 23.1% in the placebo
arm, showing no reduction in activity of oxaliplatin.

Conclusion: This study provides evidence that GSH is
a promising drug for the prevention of oxaliplatin-
induced neuropathy, and that it does not reduce the
clinical activity of oxaliplatin.

J Clin Oncol 20:3478-3483. © 2002 by American
Society of Clinical Oncology.

oxaliplatin in several other cancers, such as breast, ovarian,
non-small-cell lung, prostate, and stomach cancers.”®
The most common toxicity resulting from oxaliplatin
therapy is neurotoxicity. There are two distinct types of
neurotoxicity. There are cold-sensitive paresthesias, which
are unique among the platinum complexes studied to date.
They occur a low total cumulative doses, are aways
reversible, and do not require discontinuation of therapy.
However, thereis also a peripheral sensory neuropathy with
symptoms similar to those seen with cisplatin. This form of
neurotoxicity is the most important for its clinical implica-
tions. The risk of developing severe disturbance of neuro-
logic function is related to the cumulative dose, generally
becoming a clinical problem when the cumulative dose
approximates 800 mg/m?. It is reversible, but it may last for
several months and can even require discontinuation of
treatment.’® The mechanism of neurotoxicity induced by
platinum drugs has been proposed to involve the accumu-
lation of platinum within the peripherd nervous system,
especially in the dorsal root ganglia™ However, unlike the
case with cisplatin, for oxaliplatin it seems that the greater
retention of platinum is due to a slower clearance rather than a
greater accumulation of oxaliplatin.'® These data suggest that a
strategy optimal for reducing the neurotoxicity associated with
oxaliplatin may be the use of agents such as glutathione
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(GSH), which is able to prevent the initial accumulation of
platinum adducts in the dorsal root ganglia.™®

Clinical trials conducted to assess the neuroprotective
efficacy of GSH in patients treated with cisplatin reported a
lower incidence of neurotoxicity compared with placebo,
without any negative interference in oncolytic activity.***’
On the basis of these premises, to assess the efficacy of GSH
in preventing oxaliplatin-induced neuropathy, a double-
blind, placebo-controlled trial was performed in patients
with advanced colorectal cancer. All were treated with the
same oxaliplatin-based regimen and were given either GSH
or placebo.

PATIENTS AND METHODS

Patients with a histologically verified advanced colorectal carcinoma
were dligible for the study. Other eligibility criteria included Eastern
Cooperative Oncology Group performance status of O to 2 and normal
bone marrow function (leukocyte count > 4,000/uL, platelet count >
100,000/pL), liver function (serum bilirubin < 1.5 mg/dL), renal
function (creatinine < 1.5 mg/dL), and cardiac function (stable heart
rhythm, no active angina, and no clinical evidence of congestive heart
failure). Previous chemotherapy with 5FU, adjuvant or not, was
dlowed. Patients were excluded if they had established clinical neuropa-
thy, diabetes mellitus, acoholic disease, other neurologic disease, or brain
involvement. Patients who received vitamin B,, Bg, or B,, supplements or
who followed other vitamin diets were also excluded.

Informed consent was obtained from all participants after the nature
of the study had been fully explained. The protocol was approved by
the ingtitutional review board.

The chemotherapeutic regimen consisted of oxaliplatin 100 mg/m?
onday 1, given asa2-hour infusion in 250 mL of dextrose 5%, concurrent
with 6-S-sterecisomer of leucovorin 250 mg/m? as a 2-hour infusion
followed by a 24-hour infusion of 5FU 1,500 mg/m?/d for 2 consecutive
days. Therapy was repeated every 2 weeks. GSH was given a a dose of
1,500 mg/m? in 100 mL of normal sdine over a 15-minute period
immediately before each oxdiplain administration, while norma saline
solution was administered to placebo-randomized patients. Routine anti-
emetic prophylaxis with dexamethasone 8 mg and 5-hydroxytryptamine-3
receptor antagonist was used for both treatment arms.

Response was evaluated after four cycles of therapy according to the
standard World Health Organization criteria.®® Patients who showed
responsive or stable disease received four further cycles of chemother-
apy. Toxicity was assessed after every 2-week cycle using the National
Cancer Ingtitute’'s (NCI) common toxicity criteria (CTC).™® Chemo-
therapy was delayed until recovery if the neutrophil count decreased to
less than 1,500/uL or the platelet count decreased to less than
100,000/pL. 5FU and oxaliplatin doses were reduced when NCI CTC
grade 3 diarrhea, dermatitis, or stomatitis occurred. In the case of NCI
grade 2 sensory neuropathy, the oxaliplatin dose was reduced to 75%
of the previous dose; in the case of NCI grade 3 sensory neuropathy,
oxaliplatin was omitted from the regimen until recovery. Patients who
experienced NCI CTC grade 4 toxicity, apart from alopecia, were
withdrawn from the study.

A complete standardized neurologic examination, including an
evaluation of strength and deep tendon reflexes, was performed by the
neurologists (L.C. and E.U.) involved in the study. Special care was
devoted to the presence of symptoms of peripheral nervous system
involvement and to the assessment of position and vibratory sensations.
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The degree of neurotoxicity was expressed according to the NCI
CTC.* The neurophysiologic evaluation was based on the bilateral
determination with surface electrodes of the sensory nerve conduction
in the sural nerves. All neurophysiologic examinations were performed
under constant conditions of skin temperature (34°C). The same
examiners, blinded with respect to the group to which each patient
belonged, aways performed the neurologic and electrophysiologic
evaluations. All the patients were examined before entry onto the study
and after four, eight, and 12 cycles of chemotherapy within 2 weeks of
the end of treatment.

The study was defined as a double-blind, randomized, phase 111 trial
inwhich at least 25 patients were assigned to each of the two treatment
arms. The sample size was determined to detect a 40% difference in the
occurrence of grade 2 to 4 (NCI CTC) neurotoxicity between the two
treatment arms, with alpha and beta errors of 0.05 and 0.1, respectively.
Grade 2 to 4 toxicities were chosen because, in our experience, these
degrees seem to impair the quality of life of patients.

Using cards from a computer-generated list in sealed envelopes,
randomization was performed by a person not involved in the care or
evaluation of the patients. The personnel who evaluated the efficacy
and tolerability of the treatment did not know the drug administered
because administration was performed by other staff members.

Analysis of variance with repeated measures and a supplementary
two-sided paired t test were used to compare the neurophysiologic
results of the two groups after four cycles (oxaliplatin cumulative dose,
400 mg/m?) and eight cycles (oxaliplatin cumulative dose, 800 mg/m?)
of chemotherapy. A x? test with Yates correction and the Wilcoxon
test were used to assess the difference in terms of clinical neurotoxicity
between the two groups, both as overall incidence and as ascore.® This
score was derived from the sum of the degree of the worst neurologic
toxicity, according to the NCI scale, for each patient divided by the
number of assessable patients for each dose step (400 mg/m?, 800
mg/m?, and 1,200 mg/m?).

RESULTS

Fifty-two patients were entered onto the study: 26 were
assigned to the placebo arm and 26 to the GSH arm. The
patients characteristics are listed in Table 1. Twelve pa-
tients in the placebo arm and 11 in the GSH arm received a
5FU/leucovorin regimen as adjuvant treatment. Seventeen
patients in the placebo arm and 19 in the GSH arm were
treated with 5FU and leucovorin asfirst-line treatment at the
time of relapse. At baseline, the distribution of the other
clinicopathologic variables was comparable between the
two groups, except for a magjor incidence of women in the
GSH arm (P = .09). No patient was excluded from the
study, and an intention-to-treat analysis was performed.

In the placebo arm, seven patients did not complete the
second step of treatment (eight cycles): five showed pro-
gressive disease, and two patients complained of persistent
grade 3 or 4 neurotoxicity. In the GSH arm, five patients did
not complete the treatment: four showed progressive dis-
ease, and one refused further therapy without clinical signs
of neurotoxicity or disease progression.

In the placebo arm, a total of 172 cycles were adminis-
tered (median, eight); the median dose-intensity of oxali-
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Table 1. Patient Characteristics
Placebo Arm GSH Arm

No. of patients 26 26
Age, years

Median 65 65

Range 50-76 40-77
Sex male/female 19/7 12/14
ECOG performance status

0 20 17

1 6 9
Primary site

Colon 15 12

Rectum 11 14
Site of metastases

Liver 18 16

Abdomen 8 10

Peritoneum 4 3

Lung 10 6

Lymph nodes 3 5

Others 3 1
No. of sites

1 9 14

>2 17 12
Previous treatment

No 9 6

Yes 17 19
Adjuvant therapy

No 14 15

Yes 12 11

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

platin was 38.8 mg/m?wk, and the median cumulative dose
of oxaliplatin was 783 mg/m?. In the GSH arm, a total of
175 cycles was administered (median, eight); the median
dose-intensity of oxaliplatin was 39.2 mg/m?wk, while the
median cumulative dose of oxaliplatin was 782 mg/m?. The
reduced dose-intensity of oxaliplatin was mainly due to
neurotoxicity in the placebo arm and to other toxicities in
the GSH arm. No statistical difference in number of cycles,
dose-intensity, or cumulative dose of oxaliplatin between
the two groups was observed. At baseline, no patient
suffered from clinical neuropathy in either arm.

Table 2.

CASCINU ET AL

At the time of the second neurologic examination (four
cycles), seven patients had a clinical neuropathy (grade 1 or
2) in the GSH arm (27%; 95% confidence interval [CI],
9.8% to 44%) compared with 11 patients in the placebo arm
(42%; 95% Cl, 23% to 61%) (Table 2).

After eight cycles of chemotherapy, nine patients (43%;
95% Cl, 22% to 64%) had clinical neuropathy in the GSH
arm (score, 0.52) compared with 15 patients (79%; 95% ClI,
60% to 80%) in the placebo arm (score, 1.68) (P = .04).
Remarkably, the incidence of moderate to severe (grade 2 to
4 NCI CTC) clinical neurotoxicity was present in 11 of 19
assessable patients (58%; 95% CI, 35% to 80%) in the
placebo arm, compared with only two of 21 assessable
patients (9.5%; 95% CI, 0% to 22%) in the GSH arm (P =
.003). Furthermore, grade 3 or 4 neurotoxicity was not
present in the GSH arm, while it was reported in five
patients (26%) in the placebo arm (P = .01).

Only 18 patients received 12 cycles of treatment, 10 in the
GSH arm and eight in the placebo am. Grade 2 to 4
neurotoxicity was observed in only three patients in the GSH
arm and in eight patients in the placebo arm (P = .004).

The most frequent neurologic symptoms were distal
paresthesia, numbness in the legs, and ataxia, while the
physical examinations generally showed decrease or loss of
deep tendon reflexes.

The neurophysiologic evaluation showed that no changes
in mean latency and sensory amplitude potentials of sural
nerves occurred in the GSH and placebo arms after four
cycles of chemotherapy. On the contrary, after eight cycles
of chemotherapy in the GSH arm, no changes in mean
latency and sensory amplitude potentials of the sural nerves
had occurred; in the placebo arm, these parameters were
significantly affected (Tables 3 and 4). Patients did not
continue to receive GSH after oxaliplatin had been stopped,
and none of the patients experienced a rebound of their
neurologic symptoms.

The other chemotherapy toxicities are reported in
Table 5. There were no chemotherapy-related deaths. The
main toxicities were neutropenia, diarrhea, stomatitis,

Clinical Evaluation of Neurotoxicity

Neurotoxicity NCI NCTC Alfter 4 Cycles

After 8 Cycles After 12 Cycles

Grade Placebo (n = 26)* GSH (n = 26)* Placebo (n = 19)* GSH (n = 21)* Placebo (n = 8)* GSH (n = 10)*
0 15 19 4 12 - 1
1 9 6 4 7 - 6
2 2 1 6 2 2 2
3 - - 4 - 4 1
4 - - 1 - 2 -
Score - - 1.68 0.52 3 1.3

*Number of assessable patients.
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Table 3. Electrophysiologic Results in the Placebo Arm

Sural Nerve Basal After 4 Cycles P After 8 Cycles P
Latency, msec 3.07 £0.33 2.90 = 0.69 NS 3.19+1.70 .03
SAP, uV 10.98 = 6.92 9.80 = 5.35 NS 7.20 = 5.05 .05
CV, m/sec 45.91 = 4.59 44.03 = 10.19 NS 39.33£11.66 .01

Abbrevidations: SAP, sensory amplitude potential; CV, conduction velocity; NS, not significant.

nausea and vomiting, and transient hepatic failure. They
were generally mild, and no statistically significant
difference in incidence and severity of toxicities was
found between the two groups (Table 5).

No complete response was observed in either arm. A
partial response was observed in seven patients (26.9%;
95% CI, 9.8% to 43.9%) in the GSH group and in six
patients (23.1%; 95% CI, 6.8% to 39.2%) in the placebo
arm, for an overall response rate of 25.0% (95% Cl, 13.2%
to 36.7%) (Table 6).

After a median overall follow-up period of 11.5 months
(range, 3 to 30 months), the median progression-free sur-
vival was 7 months (range, 2 to 12 months) for patients in
the GSH arm and 7 months (range, 2 to 16 months) for those
in the placebo arm. Median survival time was 16 months
and 17 months in the GSH and placebo arms, respectively.

DISCUSSION

The mechanism of neurotoxicity induced by platinum
drugs has been proposed to involve the accumulation of
platinum within the peripheral nerve system.***2 The major
site of damage seems to be the dorsal root ganglia, which is
consistent with the platinum accumulation studies. In fact,
biodistribution studies have shown that the platinum con-
centrations are greater in the dorsal root gangliafollowed by
the dorsa root and peripheral nerves.* Damage to the
dorsal root ganglia seems to result in axonopathy of periph-
eral nerves, especialy in the large myelinated fibers respon-
sible for sensory nerve conduction. In a rat model, the
sciatic nerves showed marked axona atrophy and a de-
crease in the number of large sensory axons, whereas the
motor axons remained unaffected.”

The neurotoxicity associated with oxaliplatin issimilar in
nature to that associated with cisplatin. However, unlike the
case with cisplatin, the pathologic presence of oxaliplatin in

the dorsal root ganglia is due to a relative slower clearance
of the drug rather than to an increased accumulation.*®
These data suggest that an optimal strategy for reducing the
neurotoxicity associated with oxaliplatin may be the use of
agents such as GSH, which may be able to prevent theinitial
accumulation of platinum adducts in dorsal root ganglia.*®

A major role of GSH in the prevention of platinum-
induced neurotoxicity has been suggested by recent exper-
imental findings. Park et al*? showed that reactive oxygen
species generated by platinum compounds play an impor-
tant role in platinum-induced neuronal apoptotic cell death
via activation of the p53 signaling pathway. Preincubation
of nerves from a mouse dorsal root ganglion with N-acetyl-
cysteine, a precursor of GSH, blocks or attenuate the
accumulation of p53 protein in response to platinum,
resulting in a block of platinum-induced apoptosis and in a
neuroprotective effect.?® Finally, preclinical and clinical
experiences provided evidence that GSH was effective for
the prevention of cisplatin-induced neurotoxicity without
reducing the clinical activity of cisplatin.***"

On the basis of these premises, we performed this
double-blind, placebo-controlled, randomized trial using the
same GSH schedule as reported in our previous work.™® Our
results indicate that GSH can exert a beneficial effect on
oxaliplatin neurotoxicity. In fact, we have shown that GSH
given concurrently with oxaliplatin is able to reduce the
symptoms and signs of neuropathy significantly. In addi-
tion, neurophysiologic investigations based on the evalua-
tion of latency and amplitude of the sensory nerve conduc-
tion, the most common indexes impaired in platinum
neuropathy, supported the neuroprotective effects of GSH.

These findings may have important clinical implications.
In fact, in several cases, despite good clinical activity,
treatment with oxaliplatin must be discontinued because of
the onset of neurotoxicity. The concomitant use of GSH

Table 4. Electrophysiologic Results in the GSH Arm

Sural Nerve Basal After 4 Cycles P After 8 Cycles P
Latency, msec 2.98 +0.97 3.17 £0.76 NS 3.08 £ 0.99 NS
SAP, uVv 9.09 = 6.34 10.89 = 7.89 NS 8.71 = 5.50 NS
CV, m/sec 39.87 = 13.0 39.48 = 13.04 NS 39.13 = 11.63 NS

Abbreviations: SAP, sensory amplitude potential; CV, conduction velocity; NS, not significant.
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Table 5. Worst Grade of Toxicity by Each Patient (absolute numbers) Table 6. Tumor Response and Survival

Toxicity (NCI CTC)/Grade Placebo Arm GSH Arm GSH Arm Placebo Arm
Anemia Patients enrolled, n 26 26

1/2 2 5 CR 0 0

3/4 0 0 PR, % 26.9 23.1
Neutropenia SD, % 57.7 53.8

172 7 7 PD, % 15.4 23.1

3/4 . 4 1 OR, % 269 23.1
Thrombocyloperiia 95% Cl, % 9.8-43.9 6.8:39.2

;Z (5) g PFS, months 7+ 7

Survival, months 16 17

Nausea

1/2 9 10 Abbreviations: CR, complete response; PR, partial response; SD, stable

3 0 0 disease; PD, progressive disease; OR, overall response; PFS, progressive-free
Vomiting survival.

1/2 7 10

3/4 0 0
Diarrhea Regarding toxicity and possible interference with oxali-

1/2 6 6 platin antitumor activity by GSH, as previously reported in

3/4 0 2 . . 8 . .
Stomatiis other studies on cisplatin, we did not observe either.

1/2 6 6 The results we achieved with this double-blind, placebo-

3/4 0 0 controlled trial have provided evidence indicating that GSH

may alow the administration of an effective treatment for a
more prolonged time. In fact, in the placebo arm, none of
the patients could receive further oxaliplatin treatment
because of the development of neurotoxicity; in the GSH
arm, seven patients did not develop any sign of clinica
neurotoxicity and could continue on treatment. In the
coming years, there will be an expanding use of oxaliplatin
in several other cancers as well asin the adjuvant setting, as
indicated by two ongoing randomized trials in colon cancer
in Europe (Multicenter International Study of Oxaliplatin
5FU-LV in the Adjuvant Treatment of Colon Cancer
[MOSAIC] trial) and the United States (National Surgical
Adjuvant Breast and Bowel Project C-07), oxaliplatin-
induced neuropathy will be a growing, relevant clinical
problem.

is a promising drug for the prevention of oxaliplatin-
induced neuropathy. Other attempts to reduce neurotoxicity
associated with oxaliplatin included the development of
regimens alternating the combination of oxaliplatin/5FU
with 5FU aone in order to allow a long-term period of
treatment but reducing the total cumulative dose of oxali-
platin, or the use of other possible chemoprotectants, such
as gabapentin. Preliminary data with this drug seem to be
promising.?® In seven patients, neuropathy disappeared and
did not recur with additional chemotherapeutic courses.
However, in some patients, increased doses of gabapentin
were needed; so far, a prolonged administration of this drug
may be precluded because of its potential side effects. In
contrast, the lack of toxicity and interference with oxalipla-
tin activity, aswell asitslow economic cost, makes GSH an
ideal new drug for the prevention of oxaliplatin-induced
neuropathy in colorectal cancer patients.
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