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Abstract

Background: Chemotherapy-induced peripheral neuropathy (CIPN), a common problem, can impair function and quality of life in patients, poten-
tially limiting chemotherapy and adversely affecting outcomes.

Methods: This trial compared investigational hand therapy intervention (Investigational) compared with a traditional occupational therapy approach
(Traditional) to prevent CIPN in patients with pancreatic cancer receiving gemcitabine and albumin-bound paclitaxel containing regimens.

Results: forty-nine patients were enrolled with 40 evaluable for statistical analysis (21 Investigational/19 Traditional). CIPN in the hands was
reported in 6 patients (28.6%) in Investigational, and 4 (21.1%) in Traditional P = .721. Kaplan-Meier analysis showed a mean time-to-event of 76.0
days (90% Cl: 68.5, 83.6), and 75.8 (90% CI: 68.5, 83.2) days respectively, P = .614. Fifteen patients in each group (78.9% Traditional, 71.4% in
Investigational) were censored as they did not develop CIPN. No correlation was found between CIPN risk and age, sex, BMI, disease stage,
performance status, or chemotherapy dose.

Conclusion: Seventy-four percent of patients receiving gemcitabine, albumin-bound paclitaxel, and cisplatin did not develop CIPN of the hands
by day 84. There was no statistical difference in time to onset of CIPN between the two groups. Early adaption of occupational therapy may
prevent early onset CIPN in chemotherapy patients.

ClinicalTrials.gov Identifier: NCT05374876.

Key words: chemotherapy-induced peripheral neuropathy; gemcitabine + albumin-bound paclitaxel; gemcitabine + albumin-bound paclitaxel + cisplatin;
pancreatic neoplasms; physical and rehabilitation medicine.

Lessons learned

e Seventy-five percent of patients receiving gemcitabine plus albumin-bound paclitaxel containing regimen did not develop
chemotherapy-induced peripheral neuropathy (CIPN) by day 84 (week 12), suggesting that the development of CIPN may not be of
clinical consequence in the majority of patients in the neo-adjuvant setting where shorter courses of chemotherapy are often utilized.

e No difference was seen between the intervention groups, but adaption of occupational therapy may prevent the development of early
onset CIPN, and additional study is recommended.

Discussion chemotherapy that warrants attention; despite many preven-
tion studies, there continues to be a lack of effective preventa-
tive treatment options. Rehabilitation research lacks sufficient
studies on upper extremity occupational therapy for identify-
ing, preventing, or treating CIPN of the hands. Current evi-
dence suggests that except for duloxetine in the treatment of
painful CIPN, pharmacologic agents, herbal remedies, supple-
mental products, and other modalities lack strong evidence
for treating or preventing CIPN.

Chemotherapy-induced peripheral neuropathy (CIPN) is
caused by the toxicity of multiple anticancer agents including
albumin-bound paclitaxel and cisplatin, both commonly used
in treating patients with pancreatic cancer, that can result in
temporary or permanent damage to the peripheral nervous
system or autonomic nervous system. CIPN is a common
and debilitating complication associated with neurotoxic
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This pilot, double-blind, randomized clinical trial explored
the possible benefits of an investigational hand therapy inter-
vention (Investigational Group) compared with a traditional
occupational therapy approach (Traditional Group) to pre-
vent CIPN in pancreatic cancer patients receiving gemcitabine
(G) plus albumin-bound paclitaxel (A) containing regimens
during the initial 84 days of treatment.

There was no statistical difference in time to onset between
the two intervention groups in this prevention study. Notably,
75% of patients receiving gemcitabine plus albumin-bound
paclitaxel did not develop CIPN by day 84, an unexpected
finding. In addition, all patients except one received a second
neurotoxic agent, cisplatin with GA, and 74 % (29/39) did not

The Oncologist, 2024, Vol. 29, No. 12

develop CIPN. These findings suggest that CIPN may not be
of clinical consequence for most patients in the neo-adjuvant
setting where shorter chemotherapy courses are often used.

Both interventions were safe and well-tolerated by patients.
The absence of CIPN symptoms in the majority of patients by
day 84 underscores the impact of early prevention strategies.
With the established benefits of exercise in cancer care, oncol-
ogy rehabilitation programs are increasingly integrated into
standard practice. Future research could expand on this study
with a randomized control trial including a non-intervention
control group, and incorporating oncology rehabilitation in
both intervention groups. Insights from this study may guide
future research using neurotoxic chemotherapy agents

Author disclosures and references available online.
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TRIAL INFORMATION

Disease Pancreatic cancer

Stage of disease/treatment

Patients with adenocarcinoma of the pancreas who will receive chemotherapy with albumin-bound pacli-

taxel plus gemcitabine containing combination. The treatment in this study is investigational hand therapy
intervention (Investigational Group) compared with a traditional occupational therapy approach (Traditional

Group). Refer to Figures 1,2, 3
Prior therapy Not specified
Type of study

Primary endpoint

Pilot, double-blind, randomized clinical trial

To determine if hand therapy intervention targeting the nervous system can prevent or delay the time to onset

of any grade of CIPN of the hands as measured by NCI CTCAE 4.0 and Patient Reported Outcomes as com-
pared to traditional occupational therapy intervention

Secondary endpoints

e To determine whether provocative testing of the upper extremity identifies/predicts patients at risk for CIPN
e To identify whether scores on the TEN TEST and the QuickDASH correlate to the Common Terminology

Criteria for Adverse Events, version 4 (CTCAE-4.0) grades of peripheral neuropathy of the hands in patients

who develop CIPN

Additional details of endpoints or study
design

Patient selection
Inclusion criteria

1. Patients with adenocarcinoma of the pancreas who will
receive chemotherapy with albumin-bound paclitaxel
plus gemcitabine containing combination.

2. Patients who have no evidence of past or current periph-
eral neuropathy of the hands.

3. Age 18 years or older.

4. Able to sit for minimum of 30 minutes for hand therapy
sessions.

Exclusion criteria

1. Patients who have received at least one dose of chemo-
therapy with albumin-bound paclitaxel plus gemcitabine
containing combination during the past 6 months.

2. Patients taking duloxetine or gabapentin.

3. History of peripheral neuropathy of the hands due to

chemotherapy or other causes.

. Inability to sit for minimum of 30 minutes.

. Documented cognitive problems limiting ability to par-

ticipate in hand therapy.

“» A

Treatment plan

The schedule of study procedures included a consent visit/
screening period within 14 days of the start of the study;
demographic and medical history; documentation of medi-
cations, and physical examination. The physical examina-
tion included weight, a brief neurological examination of the
upper extremities including reflexes, strength, and neurolog-
ical sensory testing. The Common Terminology Criteria for
Adverse Events, version 4 (CTCAE-4.0) was utilized to grade
CIPN of hands and the patient performance status was evalu-
ated using the Karnofsky Performance Status (KPS).

Patients were randomly assigned to one of the two inter-
vention groups (Traditional or Investigational) by the study
data specialist using a random scramble formula in EXCEL
after the patient signed consent. As this was a double-blind,
randomized trial, the identity of the intervention was to
remain unknown to the patients and Investigators until the
end of the study once the database was locked. Only the study

coordinator and occupational therapists were aware of the
assigned intervention group (Figures 1, 2, and 3).

Traditional group

Traditional group subjects were instructed in joint protection,
energy conservation, work simplification, and ergonomics,
and they were provided with a catalogue of occupational
therapy assistive devices. This traditional occupational ther-
apy program is based on core domain features identifying
scope of practice of the profession.

Investigational group

Investigational group subjects were instructed in bilateral upper
extremity active range of motion (AROM), brachial plexus nerve
gliding exercises, manual therapy of the forearm and hand, and
sensory-re- education techniques. This evidence-based interven-
tion is intended to maximize peripheral nerve axoplasmic flow
resulting in enhanced nerve transmission.

Five occupational therapy visits were provided for each
patient (across both groups) during their routine clinic visits.
Routine physical examinations including neurological assess-
ment were performed weekly. The assessments performed by
an occupational therapist at each study therapy visit included:
the QuickDASH outcome measure; a brief battery of upper
extremity provocative testing consisting of the Elevated Arm
Stress Test (EAST), Phalen’s Test, Tinel Test at the Volar Wrist,
Elbow Flexion Test, Tinel Test at the Cubital Tunnel; pres-
sure threshold screening; Ten Test screening, static two-point
discrimination screening; and the Visual Analog Scale (VAS)
for pain. All patients were asked to complete a daily patient
diary to ensure compliance with prescribed OT intervention.
The diary was collected and reviewed by study staff weekly.
Patients were compensated modestly for their time and effort
in participating in the study and completing patient diaries.

Duration

Patients participated until the time of onset of CIPN of the
hands or through 84 days of treatment if no symptoms of
CIPN. At time of initial onset of any grade of CIPN of the
hands, the patient will end participation in the study. For
study purposes, the presence of CIPN was defined as per-
ceived sensory changes in the hands including numbness or
tingling persisting > 1 hour, or evidence of motor neuropathy
on medical examination. The patient was able to continue on
study if CIPN occurred only in the feet. Duration of overall
study was 12 months.
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DRuG INFORMATION

Generic/working name

Schedule of administration

Arm 1
Traditional occupational therapy

Traditional occupational therapy was completed at

5 visits as follows:

Visit #1: between consent and day 1 of chemotherapy
Visit #2: between days 8 and 15 of chemotherapy
Visit #3: between days 22 and 29 of chemotherapy
Visit #4:between days 50 and 57 of chemotherapy
Visit #5: at end of study
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Arm 2
Investigational hand therapy

Traditional occupational therapy was com-
pleted at 5 visits as follows:

e Visit #1: between consent and day 1 of
chemotherapy

e Visit #2: between days 8 and 15 of
chemotherapy

e Visit #3: between days 22 and 29 of

chemotherapy

e Visit #4: between days 50 and 57 of
chemotherapy

e Visit #5: at end of study

PATIENT CHARACTERISTICS

Patient characteristics
Number of patients, male
Number of patients, female

Stage

Age: Median (range)
Number of prior systemic therapies: median (range)
Performance status: ECOG

Cancer types or histologic subtypes

Cohort name: traditional group

13

12

Stage was not collected for this study
12 patients did not have metastatic disease
13 patients had metastatic disease

67 (38-84) years

1 patient with 1 prior systemic therapy
0:12

1: 11

2:2

3:0

4:0

Adenocarcinoma of the pancreas, 25

PATIENT CHARACTERISTICS

Patient characteristics
Number of patients, male
Number of patients, female
Stage

Age: median (range)
Number of prior systemic therapies: median (range)
Performance status: ECOG

Cancer types or histologic subtypes

PriMARY AsSesSMENT IMETHOD: TRADITIONAL GROUP

Number of patients screened
Number of patients enrolled
Number of patients evaluable for toxicity
Number of patients evaluated for efficacy

Evaluation method

Response duration

Duration of treatment

Cohort name: investigational group
12
12

Stage was not collected for this study

6 patients did not have metastatic disease
18 patients had metastatic disease

69 (42-83) years

1 patient with 1 prior systemic therapy
0: 11

1: 13

2:0

3:0

4:0

Adenocarcinoma of the pancreas, 24

Total of 59 across both groups before randomization
25
24
19

The number and proportion of patients without CIPN
(any grade) of the hands at the completion of 84 days of
chemotherapy treatment

15/19 (78.8%) patients completed 84 days of treatment
without neuropathy

84 days or until CIPN developed
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Outcome notes
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In the traditional group, 15/19 patients (78.8%) com-
pleted 84 days of treatment without neuropathy. Overall
mean compliance with home prescribed occupational
therapy based on patient completed diary was 92.2% in
16/19 patients that returned their patient diaries. Four
of 19 patients (21.1%) in traditional group developed
CIPN, P = .721. Cumulative doses of albumin-bound
paclitaxel and cisplatin per patient of those who devel-
oped CIPN are listed in Tables 1 and 2.

Patient characteristics, disease states, treatment dates,
number of days on study, and time to onset of CIPN are
detailed in Supplementary Table S1.

Results of a Kaplan-Meier analysis showed those in
Traditional Group with a mean time-to-event of 75.8
days (90% CI: 68.5, 83.2). Fifteen of 19 (78.9%) in the
traditional group were censored in the analysis as they
did not develop CIPN while on study (Figure 2).

PriMARY ASSESSMENT IMIETHOD: INVESTIGATIONAL GROUP

Number of patients screened
Number of patients enrolled

Number of patients evaluable
for toxicity

Number of patients evaluated
for efficacy

Evaluation method

Response duration
Duration of treatment

Outcome notes

Total of 59 across both groups before randomization

The number and proportion of patients without CIPN (any grade) of the hands at the completion of 84
days of chemotherapy treatment

15/21 (71.4%) Patients completed 84 days of treatment without neuropathy
84 days or until CIPN developed

In the investigational group, 15/21 patients (71.4%) completed 84 days without neuropathy. Overall
mean compliance with home prescribed occupational therapy based on patient completed diary was
87.9% in 20/21 patients that returned their patient diaries.

Six of 21 patients (28.6%) in Investigational Group developed CIPN, P =.721. Cumulative doses of
albumin-bound paclitaxel and cisplatin per patient of those who developed CIPN are listed in Tables 1 and 2.
Patient characteristics, disease states, treatment dates, number of days on study, and time to onset of
CIPN are detailed in Supplementary Table S1.

Results of a Kaplan-Meier analysis showed those in investigational group with a mean time-to-event of
76.0 days (90% CI: 68.5, 83.6), P = .614. Fifteen of 21 (71.4%) in the investigational group were cen-
sored in the analysis as they did not develop CIPN while on study (Figure 2).

SeconbARY AsSESSMENT IMETHOD: PRovocATIVE TESTING OF UPPER EXTREMITIES

Evaluation method

Outcome notes

Ten provocative tests of the upper extremities predict patients at risk for CIPN

Ten provocative tests of the upper extremities were administered at each session to each patient (1900
tests). The tests were the Elevated Arm Stress Test (EAST), Phalen’s Test, Tinel Test at the Volar Wrist,
Elbow Flexion Test, and Tinel Test at the Cubital Tunnel, each done on both arms. Of these, only 22 of
the 1900 tests (1.2%) yielded positive results. Refer to Supplementary Tables S2-S11.

SeconpARY AsSESSMENT METHOD: TEN TEST anp THE QuickDASH scoRre correLATION WITH CIPN GRADE

Evaluation method

Outcome notes

Correlation of the TEN TEST and the QuickDASH score to grades peripheral neuropathy (NCT-CTC AE
V4.0)

Spearman correlation coefficients between the QuickDASH and Ten Test scores to grades of peripheral
neuropathy are detailed in Tables 3 and 4. There was no significant correlation between the Ten Test for
finger pad sensation and the QuickDASH functional outcome measure and the risk of developing CIPN.
There was no correlation in the risk of developing CIPN with age, sex, BMI, disease state, or KPS in this
small sample of patients

AssesSMENT, ANALYSIS, AND Discussion

Completion

Investigator’s assessment

Study completed

Correlative endpoints not met but clinical activity observed. While there was no difference between the
type of intervention, early adaption of occupational therapy may prevent the development of early onset
CIPN in most individuals receiving neuropathy inducing chemotherapy
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The primary objective of this randomized double-blind clini-
cal trial was to determine if a hand therapy intervention tar-
geting the sensory system could prevent or delay the time to
onset of any grade of CIPN of the hands more effectively than
the traditional occupational therapy intervention in patients
with newly diagnosed metastatic pancreatic cancer receiving
gemcitabine and albumin-bound paclitaxel chemotherapy.
This evidence-based hand therapy intervention used in this
study was extrapolated from research in hand surgery and
is the basis of sensory rehabilitation for people with upper
extremity injuries or problems. The Investigational interven-
tion consisted of pain-free, pleasant active range of motion
(AROM), nerve and tendon glides; manual therapy targeting
areas of potential nerve entrapment or vulnerability; and sen-
sory rehabilitation.!

There were no statistically significant differences in the time
to onset of CIPN (P =.721) or the home prescribed therapy
compliance (P = .488) between the 2 interventions. However,
it is encouraging that 75% of patients in this small feasibility
study did not develop CIPN by day 84 (12 weeks) of che-
motherapy. This low incidence of CIPN raises the question
whether any hand therapy would delay the onset of CIPN.
In a recent study, 91.6% of women with breast cancer receiv-
ing nab-paclitaxel (295 patients) reported CIPN by 6 weeks.?
One possible explanation is that clinical care and coaching by
the occupational therapists might have decreased perceived
sensation changes. Additionally, study participation and
attention to sensory changes might have had an impact on
symptom reporting.

Several interesting issues warrant discussion. The median
time to onset of any grade of CIPN in our study was 76 days
compared to 71 days observed in the IMPACT Trial® (Von
Hoff personal communication). Only the median time to onset
of grade 3 CIPN, not including grades 1 and 2 of 140 days was
reported in the IMPACT trial.* In the present study, thirty nine
of 40 patients received an additional neurotoxic agent, cispla-
tin, which was added to gemcitabine and albumin-bound pacl-
itaxel and did not appear to increase time to onset of CIPN.
However, no direct comparison can be made with the gem-
citabine and albumin-bound paclitaxel administered in the
IMPACT trial. Also, cisplatin has been associated with neu-
ropathic pain,’ yet no patients reported painful neuropathy
of the hands at time of onset, only grade 1 sensation changes.

In this small patient sample, we found no correlation
between the risk of developing CIPN and age, sex, BMI, dis-
ease state, or KPS. Physical examinations and occupational
therapy assessments did not predict the reported onset of sen-
sory CIPN, and no patients experienced motor neuropathy.

This is the first study to report time to onset of grade 1
CIPN (paresthesia—CTCAE v 4), in patients receiving GA
containing chemotherapy. Additionally, this is the first report
on the use of the Ten Test for screening of sensory status of
the hand in a cancer population.® This is the first study to
report on a range of upper extremity measures, including
provocative and positional upper extremity tests, for CIPN.
We chose this battery as we found it to be clinically relevant
for symptomatic CIPN patients, but this battery did not yield
meaningful findings in this prevention study. We suggest it
may be more useful in treatment studies and recommend fur-
ther research in this area.

In our clinical experience, it is not uncommon for our CIPN
patients to remark with surprise that they experience sensory
improvement during the treatment process, and we have seen
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improved Ten Test (sensory) results following treatment. If
CIPN symptoms are attributable only to neurotoxic tissue
damage,” then why do active movement, nerve and tendon
gliding, and sensory stimulation provide such immediate
relief? We suggest that CIPN symptoms caused by chemo-
therapy toxicity may be compounded by subclinical edema
(ie, edema that is not measurable and not visible). Subclinical
edema is associated with inactivity, fatigue, and poor posture,
all of which are common in cancer populations. It is well-
known that active movement, nerve and tendon gliding, and
sensory stimulation reduce subclinical edema by promoting
lymphatic flow.* We have not seen research addressing the
impact of subclinical edema on CIPN symptoms. Our clinical
experience suggests this intriguing question warrants further
research.

Limitations

The main limitation of this study was its exclusive focus on
the hands, omitting neurological changes in the feet or other
body parts. Additionally, the absence of a control group with-
out hand therapy and the small sample size limited the study.
Recruitment over four years at a single, high-volume pancre-
atic cancer center was challenging. We speculate that the emo-
tional and symptom burdens of newly diagnosed pancreatic
cancer patients, along with the urgency to start treatment,
reduced their interest in participating in a supportive care
prevention study, although this was not specifically examined.

A battery of upper extremity assessments was used to mon-
itor for the development of CIPN symptoms (Supplement 2).
This battery is considered appropriate and relevant in tradi-
tional rehabilitation for patients with other sensory problems
such as nerve entrapment or nerve laceration.’!? Patients con-
tinued on study only as long as they were asymptomatic. Study
participation ended if/when they became symptomatic. There
were very few symptom-related findings, and these occurred
only near or at the time that patients’ participation ended,
thereby limiting the existence of symptom-related data. More
clinical findings and more data would have been identified
in a study that was longer in duration. Given the duration of
84 days and low incidence of CIPN, a more valuable design
would involve a larger sample size or a longer timeframe.
However, studying this in pancreatic cancer patients presents
challenges, as they may discontinue treatment due to disease
progression or treatment-related toxicities after 3 months,
necessitating changes in treatment.

The investigational home program was shortened to
accommodate lower energy levels or reduced tolerance antic-
ipated in our study population due to their clinical condition.
Exploring a program with increased repetitions and longer
engagement times could potentially have a more beneficial
impact and should be considered for further research.

Funding

This study was sponsorded by Scottsdale Healthcare Hospitals
dba. HonorHealth.

Conflict of interest

Gayle S. Jameson reports having received research funding
from Bristol Myers Squibb. Cynthia Copper reports pay-
ment for manuscript writing from HonorHealth Research


https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae285#supplementary-data

e1774

Institute. Daniel D. Von Hoff reports being employed by
McKesson; consulting or advisory role at Imaging Endpoints,
Senhwa Biosciences, Alpha Cancer Technologies, CanBas,
Lixte Biotechnology, RenovoRx, TD2, EMD Serono,
Phosplatin =~ Therapeutics,  SOTIO,  Immunophotonics,
Genzada Pharmaceuticals, LEAF Pharmaceuticals, Oncology
Venture, Verily, Athenex, Novita Pharmaceuticals, Vicus
Therapeutics, Codiak Biosciences, Agenus, Samumed, BioXCel
Therapeutics, Sirnaomics, AiMed, Erimos Pharmaceuticals,
Pfizer, Axis Therapeutics, InmuneOncia, Viracta Therapeutics,
AlaMab Therapeutics, NeoTx, Xerient, Noxxon Pharma,
Reglagene, Lycia Therapeutics, EXACT Therapeutics, Nirogy
Therapeutics, Seagen, Cytocom, GlaxoSmithKline, ImaginAb,
SignaBlok, SonaCare Medical, Caribou Biosciences, Xenter,
Compass Therapeutics, Vivacitas Oncology, OnQuality
Pharmaceuticals, Sellas Life Sciences, Catamaran Bio, Thirona
Biosciences, Bristol Myers Squibb, Remix Therapeutics, SMP
Oncology fka SDP/Tolero, Bessor Pharma, Coordination
Pharmaceuticals, Orphagen Pharmaceuticals, Red Arrow
Therapeutics, Soley Therapeutics, Invios GmbH, Mekanistic
Therapeutics, POINT Biopharma, Peptomyc, Remunity,
SIWA Therapeutics, Xenthera, Indaptus fka Decoy, and
Panavance Therapeutics fka Geistlich; stock/ownership at
Medtronic, CerRx, SynDevRx, United Healthcare, Anthem Inc.,
Stromatic Pharma, Systems Oncology, Stingray Therapeutics,
FORMA Therapeutics, Orpheus Biosciences, AADi, Origin
Commercial Advisors, Halia Therapeutics, Lycia Therapeutics,
and (3 +2) Pharma; patents/royalties/intellectual property at
Intramedullary Catheter, Methods of Human Prostate Cancer,
use of 5,6-dihydro-5-azacytidine in treatment of Prostate
Cancer, Targeting Site-2 Protease (S2P) for the Treatment of
Pancreatic Cancer (pending), Targeting Ecto-5-Nucleotidase
(Cd73) for the Treatment of Pancreatic Cancer, Targeting a
Protein Tyrosine Phosphotase-PRL-1 for the Treatment of
Pancreatic Cancer (pending), Targeting a Protein PRC1 for the
Treatment of Pancreatic Cancer (pending), Targeting Ecto-5-
Nucleotidase (CD73) for the Treatment of Pancreatic Cancer
(pending), Protein Kinase Inhibitors (pending), Methods,
Compounds and Compositions with Genotype Selective
Anticancer Activity (pending), Methods and Kits to Predict
Therapeutic Outcome of BTK Inhibitors (pending), Muscle
Fatigue Substance Cytokines and Methods of Inhibiting Tumor
Growth Therewith (pending), and 2-aryl-pyridylazoles for the
Treatment of Solid Tumors such as Pancreatic Cancer (pending);
and research funding from Lilly, Genentech, Celgene, Incyte,
Merrimack, Plexxikon, Minneamrita Therapeutics, Abbvie,
Aduro Biotech, Cleave Biosciences, CytRx Corporation,
Daiichi Sankyo, Deciphera, Endocyte, Exelixis, Five Prime
Therapeutics, Gilead Sciences, Merck, Pfizer, Pharmacyclics,
Phoenix Biotech, Samumed, Strategia, and Halozyme. Curt Bay
reports support for the present manuscript and consulting fees
as a statistical consultant for HonorHealth Research Institute.
Erkut H. Borazanci reports consulting for BPG, Clearnote,
Conjupro, Elevation Oncology, Nanology, and VCN. The other
authors declare no conflicts of interest.

The Oncologist, 2024, Vol. 29, No. 12

Data availability

The data that support the findings of this study are available
on request from the corresponding author. Data availability is
subject to institutional approval.

Supplementary material

Supplementary material is available at The Oncologist online.

References

1. Cooper C. Chemotherapy-induced peripheral neuropathy. In: Wiet-
lisbach CM, ed. Cooper’s Fundamentals of Hand Therapy: Clinical
Reasoning and Treatment Guidelines for Common Diagnoses of
the Upper Extremity. 3 ed. Mosby; 2020:495-500.

2. Mo H, Yan X, Zhao F, et al. Association of taxane type with patient-
reported chemotherapy-induced peripheral neuropathy among
patients with breast cancer. JAMA Netw Open. 2022;5:¢2239788.
https://doi.org/10.1001/jamanetworkopen.2022.39788

3. Von Hoff DD, Ervin T, Arena FP, et al. Increased survival in
pancreatic cancer with nab-paclitaxel plus gemcitabine. N Engl
J Med. 2013;369:1691-1703. https://doi.org/10.1056/NE]-
Moal304369

4. Goldstein D, Von Hoff DD, Moore M, et al. Development of
peripheral neuropathy and its association with survival during
treatment with nab-paclitaxel plus gemcitabine for patients with
metastatic adenocarcinoma of the pancreas: a subset analysis from
a randomised phase III trial (MPACT). Eur | Cancer. 2016;52:85-
91. https://doi.org/10.1016/j.¢jca.2015.10.017

5. Smith EM, Pang H, Ye C, et al; the Alliance for Clinical Trials
in Oncology. Predictors of duloxetine response in patients with
oxaliplatin-induced painful chemotherapy-induced peripheral
neuropathy (CIPN): a secondary analysis of randomised con-
trolled trial - CALGB/alliance 170601. Eur | Cancer Care (Engl).
2017;26:¢12421. https://doi.org/10.1111/ecc.12421

6. Strauch B, Lang A, Ferder M, et al. The ten test. Plast Reconstr
Surg.  1997;99:1074-1078.  https://doi.org/10.1097/00006534-
199704000-00023

7. Kim JH, Dougherty PM, Abdi S. Basic science and clinical manage-
ment of painful and non-painful chemotherapy-related neuropa-
thy. Gynecol Oncol. 2015;136:453-459. https://doi.org/10.1016/j.
ygyno.2015.01.524

8. Artzberger S. Edema reduction techniques: a biologic rationale for
selection. In: Cooper C, ed. Fundamentals of Hand Therapy: Clin-
ical Reasoning and Treatment Guidelines for Common Diagnoses
of the Upper Extremity. 2 ed. Mosby; 2014:35-50.

9. Rosén B, Bjorkman A, Lundborg G. Improved sensory relearning
after nerve repair induced by selective temporary anaesthesia - a
new concept in hand rehabilitation. ] Hand Surg Br. 2006;31:126-
132. https://doi.org/10.1016/j.jhsb.2005.10.017

10. Rosén B, Balkeniu C, Lundborg G. Sensory re-education today
and tomorrow: a review of evolving concepts. Br | Occup Ther.
2003;8:48-56. https://doi.org/10.1177/175899830300800201

11. Rosén B, Lundborg G. Training with a mirror in rehabilitation of
the hand. Scand | Plast Reconstr Surg Hand Surg. 2005;39:104-
108. https://doi.org/10.1080/02844310510006187

12. Rosen B, Lundborg G. Sensory Reeducation. In: Skirven TM,
Osterman AL, Fedorczyk JM, Amadio PC, eds. Rehabilitation of
the Hand and Upper Extremity. 6 ed. Mosby; 2011:634-645.


https://doi.org/10.1001/jamanetworkopen.2022.39788
https://doi.org/10.1056/NEJMoa1304369
https://doi.org/10.1056/NEJMoa1304369
https://doi.org/10.1016/j.ejca.2015.10.017
https://doi.org/10.1111/ecc.12421
https://doi.org/10.1097/00006534-199704000-00023
https://doi.org/10.1097/00006534-199704000-00023
https://doi.org/10.1016/j.ygyno.2015.01.524
https://doi.org/10.1016/j.ygyno.2015.01.524
https://doi.org/10.1016/j.jhsb.2005.10.017
https://doi.org/10.1177/175899830300800201
https://doi.org/10.1080/02844310510006187

The Oncologist, 2024, Vol. 29, No. 12

e1775

Ficures AND TABLES

| 59 Patients consented for study participation |

10 Screen failures

8 - Not meeting inclusion criteria
1 - on gabapentin
5 - Unable to start prescribed chemotherapy
2 - clinically significant abnormal lab values
2 - baseline neuropathy
1 - lack of insurance authorization for
chemotherapy
2 - Chemotherapy needed to be initiated prior to
baseline assessments

[ Enrollment ]
A 4

| 49 Randomized |

[ Allocation ]

A 4

A 4

25 Allocated Traditional Intervention

| | 24 Allocated to Investigational Intervention

A 4 A 4

1 Did not start
Intervention

24 Started Traditional
Intervention

due to starting a different
chemotherapy regimen

A 4

24 Started Investigational
Intervention

Analysis

A 4 A

\ 4 A\ 4

5 Not Evaluable for Analysis
2 - voluntary unblinding

Analysis

19 Evaluable for

21 Evaluable for 3 Not Evaluable for Analysis
Analysis 1 - hospitalized

2 - withdrew from study
due to increased
disease acuity

1 - started prohibited
medication

Figure 1. CONSORT diagram of patient flow through study.

1 - withdrew from study
due to increased
disease acuity

1 - started prohibited
medication
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Figure 2. Time to onset. Mean time-to-event of onset of CIPN was 75.8 (90% Cl: 68.5, 83.2) days in the traditional group and 76.0 (90% CI: 68.5, 83.6)
days in the investigational group, P = .614. Fifteen of 19 patients (78.9%) in traditional group and 15/21 (71.4%) in investigational group were censored
in the analysis as they did not develop CIPN while on study.

Target
Population

Pancreatic
Cancer
Eligible
Gemcitabine
(G) + albumin
bound
paclitaxel
regimen (A)

Abbreviations:

A: Albumin-bound paclitaxel

C1/D1: Cycles 1 /Day 1

CIPN: Chemotherapy-Induced Peripheral Neuropathy
G: Gemcitabine

KPS: Karnofsky Performance Status

Figure 3. Study diagram.

RANDOMIZATION
1:1 (BLINDED)

Traditional Group: Occupational Therapy

Patient completes daily diary and the following home
exercises:

Joint Protection — 3 minutes/daily

Handwriting with enlarged pen

Energy Conservation — 2 minutes/daily

Delegate 1 task at home or do not do

Work Simplification — 2 minutes/daily

Practice task rotation

Rearrange placement of kitchen or desk objects closer to
body

Ergonomics — 3 minutes/daily

Rearrangement desk/computer/other home areas per
ergonomic guidelines

All patients had weekly physical exams
with neurologic assessments, KPS.
(Refer to Supplemental Material 1- Protocol
for complete schedule of assessments).

*5 Study Therapy Visits battery of tests
included:

e QuickDash
Elevated Arm Stress Test
Phalens’ Test
Elbow Flexion Test
Tinel's Test at Cubital Tunnel
Tinel's Test at Volar Wrist
e Semmes-Weinstein

Monofilaments Screening

Investigational Group: Hand Therapy

Patient completes daily diary and the following home
exercises:

Bilateral Upper Extremity Active Range of Motion -5
reps/daily

Shoulder circles

Upper extremity punches
Overhead fist pumps
Nerve Glides — 3 reps/daily
Brachial plexus

Median nerve at wrist
Manual therapy — 2 minutes/daily

Carpal tunnel stretch with palmar fascial release
Massage of forearm muscles

Sensory Re-Education — 5 minutes/daily

Find objects in bowl of dried beans with eyes closed — 3
minutes

Touch/rub/tap finger pads on clothes, towel, upholstery,
etc. — 2 minutes

e TEN Test of Finger Pads

e Static Two-Point
Discrimination Screening

e VASPain

(Refer to Supplemental Material 2 for details
of tests)

All patients continued on study until
onset of CIPN of the hands or through
the completion of 84 days treatment of
G+A chemotherapy.

Patients in the Traditional Group who
developed CIPN of hands were offered
the hand therapy intervention.
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Table 1. Total cumulative doses of albumin bound paclitaxel and cisplatin per patient of those who developed CIPN (n = 10).

e1777

Patientno. Sex Age  Metastatic disease y/n ~ CIPN onset day =~ Cum dose albumin bound paclitaxel (mg) = Cum dose cisplatin (mg)
Investigational hand therapy arm

N=21

6/21 (29%)

2 F 52 y 47 1575 318
4 F 77 y 28 657 132
17 M 54 y 67 1647 331
36 M 72 y 43 1098 174
45 M 71 y 57 1326 318
47 M 79 y 56 1488 300
Occupational therapy arm

N=19

4/19 (21%)

12 M 70 y 17 522 104
16 F 69 n 57 1215 246
28 M 64 y 34 1200 256
53 F 66 y 21 380 76

Abbreviations: Cum, cumulative; CIPN, chemotherapy-induced peripheral neuropathy; n, no; v, yes.

Table 2. Summary of cumulative doses of albumin bound paclitaxel and
cisplatin in all patients (n = 40).

Table 3: QuickDASH scores.

Arm Visit Mean Standard deviation
Neuropathy Albumin bound paclitaxel ~ Cisplatin
Traditional 1 7.06 8.26
No Mean 1749.53 350.60 2 749 10.02
Median 1792.00 364.00 3 6.10 8.80
Minimum 988 0 4 7.84 11.72
Maximum 2520 504 s 6.20 10.05
Range 1532 504 Investigational 1 7.36 10.31
Number 30 30 2 6.06 9.27
Standard Deviation ~ 344.129 97.901 3 6.49 9.43
Yes Mean 1110.80 225.50 4 8.01 10.51
Median 1207.50 251.00 5 5.30 795
Minimum 380 76
Maximum 1647 331 Refer to Supplement 2. The QuickDASH is a shorter version of the DASH
Range 1267 255 Outcome Measure, which is a 30-item, self-report questionnaire that is
Number 10 10 designed to measure symptoms and physical function in people with any of
umbe a variety of musculoskeletal disorders involving the upper limb. It is often
Standard Deviation — 446.872 96.408 used to monitor changes in function and symptoms over time.
Total  Mean 1589.85 319.33
Median 1600.00 330.50
Minimum 380 0
Maximum 2520 504
Range 2140 504
Number 40 40
Standard Deviation  461.086 110.822



file:///\\j-fs01\OUP_Journals-L\Production\ONCOLO\oyae285\FROM_CLIENT\Accepted_manuscripts\to_TO-24-0529\suppl_data\oyae285_suppl_Supplementary_Tables_1-11.pdf

e1778 The Oncologist, 2024, Vol. 29, No. 12

Table 4. QuickDASH and Ten Test Correlations.

QuickDASH
Spearman’s rho  Ten test—R Thb  Correlation -0.077
coefficient
Sig. (2-tailed)  0.291
N 188
Ten test—L Thb  Correlation -0.106
coefficient
Sig. (2-tailed)  0.148
N 188
Ten rest—R SF Correlation -0.127
coefficient
Sig. (2-tailed)  0.085
N 186
Ten rest—L SF Correlation -0.089
coefficient
Sig. (2-tailed) 0.228
N 187

The QuickDASH is a shorter version of the DASH outcome measure,
which is a 30-item, self-report questionnaire that is designed to measure
symptoms and physical function in people with any of a variety of
musculoskeletal disorders involving the upper limb. It is often used to
monitor changes in function and symptoms over time.

Abbrevations: L, left; N, number; R, right; SE, small finger; Sig,
significance; Thb, thumb.
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