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Abstract

Objective—To ascertain prevalence of peripheral sensory and motor neuropathy; to evaluate
impairments in relation to function.

Design—St. Jude Lifetime Cohort Study, a clinical follow-up study designed to evaluate adverse
late effects in adult survivors of childhood cancer.

Setting—St. Jude Children’s Research Hospital (SJCRH).

Participants—Eligibility required treatment for an extracranial solid malignancy between 1962
and 2002, age =18 years, =10 years post-diagnosis, no history of cranial radiation. 531 survivors
were included in the evaluation: median age 32 years, median time from diagnosis 25 years.

Interventions—Not applicable.

Main Outcome Measures—Primary exposure measures were cumulative doses of vinca-
alkaloid and platinum-based chemotherapies. Survivors with scores > 1 on the sensory subscale of
the modified Total Neuropathy Score were classified with prevalent sensory impairment. Those
with sex-specific Z-scores of <-1.3 for dorsiflexion strength were classified with prevalent motor
impairment. Participants completed the 6-minute walk test (endurance), the timed up and go test
(mobility), and the sensory organization test (balance).
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Results—The prevalence of sensory and motor impairment was 20% and 17.5%, respectively.
Vinca-alkaloid exposure was associated with an increased risk of motor impairment (adjusted
odds ratio (OR)=1.66, 95% Confidence Interval (Cl): 1.04-2.64) without evidence for a dose
response. Platinum exposure was associated with increased risk of sensory impairment (adjusted
OR=1.62, 95% CI: 0.97-2.72) without evidence of a dose response. Sensory impairment was
associated with poor endurance (OR=1.99, 95% CI: 0.99-4.00) and mobility (OR=1.65, 95% CI:
0.96-2.83).

Conclusion—Vincristine and cisplatin exposure may increase risk for long-term motor and
sensory impairment, respectively. Survivors with sensory impairment are at increased risk for
functional performance limitations.
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METHODS

Chemotherapy-induced peripheral neuropathies, both motor and sensory, are well-described
acute toxicities of vincristine and platinum drugs.1=3 Often dose-limiting in treatment
settings? 4-6, acute neuropathy can manifest as painful dysesthesia; numbness and sensory
loss to vibration, temperature, and proprioception; suppression or loss of deep tendon
reflexes; impaired balance and coordination; distal muscle weakness; ataxia and, in extreme
cases, paralysis.l: 2 7 Most children with newly diagnosed solid tumor are treated with
platinum drugs (cisplatin or carboplatin or both), and/or vinca-alkaloid drugs (usually
vincristine, occasionally vinblastine). These solid tumor diagnoses include sarcomas
(osteosarcoma, Ewing sarcoma family of tumors, rhabdomyosarcoma, and other soft tissue
sarcomas), embryonal tumors (Wilms tumor, neuroblastoma, retinoblastoma, germ cell
tumors, hepatoblastoma), and several types of carcinomas of childhood (nasopharyngeal
carcinoma, adrenocortical carcinoma). Cisplatin-induced acute neuropathy is known to
persist and progress many weeks after treatment completion (so called “coasting”).: 6
Despite the common use of platinum-based chemotherapy in pediatric solid tumor treatment
protocols, very little is known about long term (chronic) peripheral nervous system sequelae
from these exposures. It is generally believed that acute vincristine-induced neurotoxicity in
children, unless severe, completely resolves within months after treatment completion.2 8
However, we® 10 and others!: 12 have provided evidence suggesting that mild peripheral
motor neuropathy may be a long-term effect in survivors of childhood acute lymphoblastic
leukemia, in whom relatively high cumulative doses of vincristine are received over a 2 to 3
year treatment period. There is very little long-term follow-up data on patients treated for
solid tumors during childhood in whom doses of vincristine may be lower and exposure
duration is considerably shorter than that of leukemia patients. The aims of this study were
to evaluate: 1) whether exposure to vinca-alkaloid and platinum drugs are associated with
symptoms of motor and/or sensory impairment in adult survivors of childhood solid tumors;
and 2) whether adult survivors with symptoms of motor and/or sensory impairment
demonstrate impaired function in mobility, endurance, or balance.

St. Jude Lifetime Cohort

Study participants were enrolled in the IRB-approved St. Jude Lifetime Cohort Study
(SJLIFE) as described in detail by Hudson et al.13 Eligibility for SILIFE is restricted to
those aged 18 years or older who were treated for cancer at St. Jude Children’s Research
Hospital and were at least 10 years post diagnosis at the time of enrollment. Medical record
abstraction is conducted for chemotherapeutic agents, radiation treatment fields and doses,
surgical interventions, life-threatening organ toxicities, and subsequent malignancies.
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Participants complete an extensive health questionnaire. In addition, an on-campus clinical
evaluation is performed consistent with the risk-based screening and surveillance
recommendations of the Children’s Oncology Group Long Term Follow-Up Guidelines for
Treatment of Children, Adolescent and Young Adult Cancers.14 15 Transportation to the St.
Jude campus in Memphis, TN, and other travel and research-related lodging expenses are
paid for by SILIFE. The risk-based medical assessment includes testing of physical
functioning and performance in the SILIFE Human Performance Laboratory. Current
eligible SILIFE participants were diagnosed and treated between 1962 and 2002.

SJLIFE is an ongoing study with continuous enrollment. The recruitment cutoff date for this
analysis was April 301, 2012. Eligibility was restricted to participating SILIFE survivors
with an extracranial solid malignancy, no cranial radiation exposure, and no diagnosis of a
second primary neoplasm. Of 1002 potential subjects, 396 (39.5%) were either active
refusals, passive non-participants, or were lost to follow-up. Of the 606 who agreed to
participate, 75 did not complete the physical functioning and performance testing to qualify
for this analysis. Thus, 531 survivors with extracranial solid tumors were included for
evaluation of the first aim (assessment of neuropathic symptoms). For the second aim
(assessment of impaired function), because lower extremity amputation precludes fair
comparisons with normative data for the functional measures, 48 of 531 survivors with
lower extremity amputations, all performed as part of local control for their bone sarcomas,
were not included in the analysis, leaving 475 participants for evaluation of impaired
function.

Cumulative doses of vincristine, vinblastine, cisplatin and carboplatin were abstracted from
medical records. Only 6 participants were treated with vinblastine (4 of whom also received
vincristine) and they were included with the 287 participants with vincristine exposure in the
vinca-alkaloid group (N=289). No vincristine dose equivalence adjustment was made for
vinblastine exposure. For platinum exposure, 88 participants were treated with cisplatin and
32 with carboplatin (including 7 who received both drugs). Thus 113 participants were
included in the platinum exposure group. Because the pharmacokinetics of carboplatin
differs substantially from that of cisplatin, a 4:1 carboplatin to cisplatin dose equivalence
adjustment was applied.16: 17 There were 418 participants with no platinum exposure and
242 with no vinca-alkaloid exposure.

For aim 1, sensory impairment was assessed from the sensory subscale of the Modified
Total Neuropathy Score (MTNS).18 The mTNS includes all components of the validated
Total Neuropathy Score (TNS) measurel9-21 except nerve conduction studies, and was
shown to be highly correlated with TNS (r=0.99) in a study of breast cancer survivors
treated with platinum drugs.18 A sensory subscale score of > 1 was coded as “impaired” and
0 as “not impaired”. Motor impairment was assessed by categorizing peak dorsiflexion ankle
strength measured at 60 degrees/second on an isokinetic dynamometer (Biodex System 3
Pro?).22 A sex-specific standard deviation score (Z-score) of < —1.3 (lower 10t percentile)
was defined as “impaired” and a Z-score of >-1.3 as “not impaired”. The normative values
for calculating the dorsiflexion Z-scores were taken from 343 healthy adults (median
age28.4, range 18.0-50.8 years, 50.7% male) who were recruited as a control sample for a
study of motor proficiency and physical activity. For aim 2, mobility was evaluated with the
timed up and go test?3 and endurance with the 6-minute walk test.24 The timed up and go
test measures the time in seconds required to rise from sitting in a standard arm chair, walk 3
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meters, turn, walk back to the chair, and sit down; > 6 seconds is one standard deviation
above the mean in young adults and was considered impaired.1” The 6-minute walk test
measures the distance in meters that an individual can quickly walk on a flat, hard surface in
a period of 6 minutes; < 500 meters was considered impaired.1® Functional balance was
assessed using dynamic posturography. The composite score of the Sensory Organization
Test (SOT) was used for the balance outcome, measuring the percentage of time spent inside
a 12 degree sway envelope during 6 conditions referenced to somatosensory, visual, and
vestibular inputs;25 <70% was considered impaired (SMART EquiTest®P). All testing was
conducted by trained and experienced exercise specialists in the Human Performance Lab.

Statistical approach

RESULTS

Descriptive statistics and frequency distributions were generated to compare demographic
and cancer-related characteristics between the evaluable patient population and non-
participants known or presumed to be eligible for the study. Frequencies and percentages
were calculated to enumerate the prevalence of sensory and motor impairments and of
functional limitations in endurance, mobility, and balance. The strength of the association
(odds ratios [OR] with corresponding 95% confidence limits [95%CL]) between platinum
and vinca-alkaloid exposures and motor and sensory impairments were evaluated in logistic
regression models2® with treatment exposure represented in four categories (none versus
each tertile of exposure dose in mg/m?2) and as a dichotomous exposure variable (any versus
none). We also evaluated the association between platinum exposure at >200 mg/m? versus
<200 mg/m? and sensory impairment because a previous investigation among adults treated
with cisplatin for testicular cancer indicated that this value was a potential threshold for
sensory loss.2” All models were adjusted for age at the time of testing. Associations between
sensory and motor impairments and functional limitations were evaluated in both linear and
logistic regression models. These models were adjusted for age, sex, weight and height.

Characteristics of the study population

A thorough evaluation of potential selection bias from differential distributions in cancer-
related, personal, and neighborhood-level characteristics between participants and presumed
eligible non-participants in SILIFE was previously analyzed and published.28 Table 1 shows
demographic and cancer-related characteristics of the 513 evaluable participants compared
with the 396 non-participants for this specific analysis. Non-participants were more likely to
be male (61% vs. 49%) and less likely to be of white race (77% vs. 83%) than were
participants. Median age and median time since diagnosis were similar between the groups.
Among those with platinum and/or vinca-alkaloid exposure, no statistical differences in
mean exposure dose were observed between participants and non-participants. Among
participants, the most common diagnosis types were Wilms tumor (24%),
rhabdomyosarcoma (15%), neuroblastoma (14%) and osteosarcoma (12%).

Sensory and motor impairment

Inclusive of 21 participants who tested positive for both motor and sensory impairment, 107
(20%) had symptoms of sensory impairment and 93 (17.5%) had symptoms of motor
impairment (Table 2).

Vinca-Alkaloid Exposure—We found no evidence to support an association between
vinca-alkaloid exposure and sensory impairment (age adjusted OR=1.04 for any vs. no

bsMART EquiTest®, NeuroCom®, a division of Natus®, 9570 SE Lawnfield Road, Clackamas, OR 97015, USA

Arch Phys Med Rehabil. Author manuscript; available in PMC 2014 August 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ness et al.

Page 5

exposure and no indication of a dose response). The age-adjusted OR for any vinca-alkaloid
exposure vs. no exposure in relation to motor impairment was 1.66 (95% CL 1.04, 2.64).
Some indication of increased risk for motor impairment with higher dose categories was
observed, although the evidence was not strong (Table 2).

Platinum Exposure—The age-adjusted OR for sensory impairment comparing any
platinum exposure vs. no exposure was 1.62 (95% CL 0.97, 2.72). However, we did not find
a clear dose-response relation when comparing increasing dose categories of exposure or
when categorizing participants by dose levels of 0, 1-200 mg/m2, and =200 mg/m?. There
was little indication of an association between platinum exposure and motor impairment,
either in dose response models or dichotomous exposure models (adjusted OR for any vs. no
exposure = 1.22, 95% CL 0.71, 2.10).

Functional impairment

The distributions of scores on the performance measures are shown in Figure 1. Among the
475 study participants without a lower limb amputation, 14% were unable to walk 500
meters in 6 minutes, indicating poor endurance capabilities. A larger percentage, 25%, did
not meet the normal threshold of < 6 seconds to complete the timed up and go test,
suggesting poor mobility skills. A composite score of < 70% on the SOT, indicating
problems with functional balance, was evident in 12% of the study population (Table 3).
Forty participants (8.4%) had two of the three measures indicating poor function and 9
(1.9%) had poor scores on all three function measures (not shown). In a logistic regression
model that together considered sensory impairment (yes vs. no) with ankle dorsiflexion
strength in Newton-Meters as a continuous variable, the OR (adjusted for age, sex, height
and weight) for poor performance on the 6-minute walk test among those with sensory
impairment was 1.99 (95% CL 0.99, 4.00) when compared to those without sensory
impairment (Table 3). A similar finding was observed for sensory impairment in relation to
the risk of having poor performance on the timed up and go test, with an adjusted OR of
1.65 (95%CL 0.96, 2.83). No statistical association was observed between sensory
impairment and poor balance in this model, and there was no indication of a linear
association between ankle dorsiflexion strength and any functional outcome (Table 3).

DISCUSSION

In this analysis of motor, sensory, and functional outcomes among long-term survivors of
extracranial childhood solid malignancies (median time since diagnosis, 25 years), we found
some evidence of an association between previous vinca-alkaloid exposure (primarily
vincristine) and deficits in ankle dorsiflexion strength. Nearly 21% of those who were
treated with vincristine, compared with fewer than 14% who were not so treated,
demonstrated evidence of abnormally low ankle dorsiflexion strength (adjusted OR=1.66),
which we interpret as a motor impairment. No evidence was apparent in our analysis that
vincristine exposure was associated with long-term sensory impairment. We found that past
platinum exposure was a potential risk factor for sensory impairment (adjusted OR=1.62 for
any vs. no exposure) but we did not observe stronger effects with increasing dose levels of
exposure. Platinum exposure was not found to be associated with increased risk for chronic
motor impairment in our study. Thus, our clinical evidence for long-term neuropathic
impairment due to exposure in childhood to vinca-alkaloid and/or platinum chemotherapy
certainly cannot be dismissed, but it is not strong. Previous reports with smaller sample sizes
have also suggested evidence for an association between vincristine and chronic motor
problems. Studies by Harila-Saari et al?® and Ramchandren et al'® among survivors of
childhood acute lymphoblastic leukemia demonstrated that conduction delays in peripheral
motor nerves are prevalent after vincristine exposure. Harila-Saari2® evaluated motor evoked
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potentials among 32 children at the end of treatment for acute lymphoblastic leukemia and
compared them to healthy controls. Treated patients demonstrated delayed peripheral motor
responses with diminished amplitudes when compared to the control population and the
deficits were associated with the time between the last vincristine administration and nerve
conduction testing. Depressed deep tendon reflexes were also associated with total dose and
time since last vincristine administration in that study. Ramchandren et all9 reported
abnormally low motor amplitudes in nearly 30% of a group of 37 children and adolescents
who were a mean of 7.4 years post-treatment for acute lymphoblastic leukemia. In that study
there was no evidence of a cumulative vincristine dose gradient, nor evidence of an
association between impaired motor nerve conduction and functional motor outcome. Their
results are similar to those of Hartman et al, 22 who reported impaired dorsiflexion strength
among 92 survivors (ages 6 to 12 years) of acute lymphoblastic leukemia, Wilms tumor,
non-Hodgkin lymphoma, and malignant mesenchymal tumors, but no association with
vincristine dose.

The number of survivors in our cohort who did not receive vincristine or platinum, but who
nevertheless had sensory loss or dorsiflexion motor weakness is higher than expected in
healthy young adults. We did not find any specific cancer treatment related reasons for these
impairments. However, it is possible that receiving cellular toxic agents of nearly any kind
may damage peripheral nerves or the vasculature that supplies them. A recent review by
Gilchrist identifies six different classes of agents used to treat pediatric cancers that damage
peripheral nerves by disrupting axonal transport at microtubules, by inducing cellular
damage or apoptosis in dorsal root ganglia, or by interfering with immune or angiogenic
function.39 One study of vascular injury among survivors of childhood cancer indicates an
effect of anthracycline on vascular compliance and stiffness;3! another reports evidence of
vascular inflammation, dyslipidemia, and injury suggestive of early atherogenesis among
survivors of Hodgkin Lymphoma.32

In our study of young adults, dorsiflexion muscle weakness was not associated with poor
performance on the 6-minute walk test, the timed up and go test, or the SOT balance test
after controlling for sensory impairment and several other variables. These results are
consistent with a study of 102 survivors of childhood cancer in whom reduced strength and
ankle range of motion were not associated with performance on a global test of movement
and mobility (Movement ABC).22 However, our results are in contrast to a study of adult
survivors of childhood acute lymphoblastic leukemia, in whom neuromuscular deficits were
associated with balance limitation and limited walking inefficiency.® In another study that
compared motor function between 13 adults with peripheral neuropathy of varying
etiologies to age- and sex-matched healthy controls, individuals with peripheral neuropathy
walked, on average, 100 meters less during the 6-minute walk test, and performed less
optimally (had increased sway velocity) when asked to stand in place and maintain their
balance on a force plate.33

Among those in our study who demonstrated sensory impairment, we found an elevated risk
for poor performance on the 6-minute walk test (adjusted OR=1.99) and decreased mobility
on the timed up and go test (adjusted OR=1.65), even after controlling for ankle dorsiflexion
strength, age, sex, weight, and height. This finding suggests that a subset of young adult
survivors of extracranial solid tumors of childhood (median age in our study population was
32 years) may have diminished physical function and could potentially benefit from
assessment and intervention. Our finding of a potential association between platinum
exposure and peripheral sensory impairment in adult survivors of childhood solid tumors is
consistent with previous reports documenting long term sensory loss among survivors of
testicular cancer whose treatment included platinum compounds. Glendenning et al?’
evaluated 384 platinum treated survivors of testicular cancer 23-33 years post treatment and
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reported that 21.7% had detectable peripheral neuropathy. As noted previously, they
observed a cisplatin dose threshold for peripheral neuropathy of 200 mg/m2. Another study
examined a group of 32 cisplatin-treated survivors of testicular cancer 15 years after
treatment and found disabling neuropathy in 6%, symptomatic neuropathy in 38%, and
asymptomatic neuropathy in 28% of their population. Platinum dose was not associated with
symptom scores in that study.34

LIMITATIONS

Interpretation of our results must take into account potential study limitations. First, the
measures of function that we selected are not the only ones available. All three required
standing or walking, most likely to be impacted by neuropathy in the lower extremities. We
did not include a measure of hand function, important for survivors with neuropathy that
affects the upper extremities. Second, we did not conduct formal nerve conduction testing
and our use of a formal measure of muscle strength to characterize the motor component of
peripheral neuropathy may not be completely representative of motor nerve damage. Third,
individuals can have muscle weakness for reasons other than peripheral nerve damage,
which may have attenuated our estimates of the strength of the association between
vincristine and motor loss. We did however, account for body size in our analyses, and we
excluded survivors treated with cranial radiation because of potential central nervous system
damage that could influence motor function and confuse the chemotherapy treatment effects
we were evaluating. Additionally, because this was a cross sectional analysis, we did not
have information on physical therapy services received by these survivors during the years
between treatment and our assessment. Previous participation in rehabilitation services may
have influenced overall functional outcome. Fifth, 48 participants with lower extremity
amputation, were excluded from the evaluation of the association between neuropathy and
function. This group of survivors is likely to be most affected. The compound effects of limb
loss and neuropathy on function will requires research in larger cohorts of bone sarcoma
survivors. Finally, not everyone who was eligible for the study participated. Male survivors
and those who were of non-white race were less likely to participate. It is possible that this
could bias our results. However, we did not find an association between sex or race and any
of our outcomes.

CONCLUSION

In conclusion, we found that nearly 18% of survivors of childhood-onset extracranial solid
tumors, a median of 25 years from diagnosis, had ankle dorsiflexion muscle weakness and
20% had peripheral sensory loss. We observed that motor impairment was associated with
vincristine exposure and that sensory impairment was associated with platinum exposure
during cancer treatment. We also found that sensory impairment was a risk factor for poor
endurance and poor mobility. These findings are important because, although no established
preventive or curative agents are available presently for motor and sensory loss associated
with chemotherapy-induced peripheral neuropathy,l: 2 4. 7. 35 rehabilitative services and
adaptive equipment provided for children during or soon after treatment may improve
symptoms and provide strategies for joint protection, pain reduction, and strengthening to
minimize long-term functional limitations that may persist into adulthood. Adult survivors
of childhood cancer who present to clinical practice with motor or sensory neuropathy that
interferes with function may benefit from rehabilitative services that provide them strength
and balance training, or with instruction in compensatory strategies that minimize their risk
for falls or for the development of joint injuries.36-38 Future research needs to look at
peripheral neuropathy among childhood cancer survivors longitudinally, beginning at
diagnosis, and develop interventions specific to this patient population.
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Table 1

Characteristics of participants and non-participants

Evaluable Participants (N=531)

Non-participants (N=396)

Characteristic N (%) N (%) P-value
Current age (years) Median 31.6 33.0 <0.001*
Range 18.7-63.8 18.5-66.8
Ageat diagnosis (years) Median 4.9 5.8 0.278 *
Range 0.0-24.8 0.0-28.6
Timesince diagnosis (years) | Median 25.2 26.2 0.005 *
Range 10.7-48.2 10.7-48.4
Sex Male 261 (49.2) 240 (60.6) <001t
Female 270 (50.8) 156 (39.4)
Race/ethnicity White 440 (82.9) 306 (77.3) 0.049T
Black 87 (16.4) 82 (20.7)
Other 4(0.8) 8(2.0)
Diagnosis Carcinoma 26 (4.9) 27 (6.8) 0.017%
Ewing sarcoma 54 (10.2) 35 (8.8)
Neuroblastoma 73 (13.7) 62 (15.7)
Osteosarcoma 64 (12.1) 37 (9.3)
Other malignancies 54 (10.2) 58 (14.6)
Retinoblastoma 54 (10.2) 25 (6.3)
Rhabdomyosarcoma 79 (14.9) 77 (19.4)
Wilms tumor 127 (23.9) 75 (18.9)
Vincristine (mg/m?) N 287 176
Mean 30.8 29.4 0.410%
Standard Deviation 16.7 19.4
Median 29.1 23.8
Range 1.5-95.9 1.9-107.9
Vinblastine (mg/m?) N 6 8
Mean 35.2 32.4 0.865F
Standard Deviation 16.1 36.6
Median 36.8 20.3
Range 13.6-61.7 6.7-120.0
Cisplatin (mg/m?) N 88 62
Mean 429.4 472.4 0.228%
0.3937 183.9 232.8
Median 400.0 403.9
Range 92.7-1045.0 90.2-1175.4
Carboplatin (mg/m?) N 32 31
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Evaluable Participants (N=531) | Non-participants (N=396)
Characteristic N (%) N (%) P-value
Mean 2673.4 2460.6 0.393F
Standard Deviation 1027.4 933.1
Median 2766.7 2459.4
Range 895.4-4775.0 856.7-5131.7
iT—test

TChi—square test

*
Wilcoxon rank sum test
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