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Abstract
Purpose Previous evidence regarding the impact of exercise interventions on chemotherapy-induced peripheral neuropathy
often focuses on lower limb functions, such as muscle strength and balance ability, while the effect on upper extremities
remains unknown. We aimed to evaluate the e�cacy of combined hand exercise intervention on upper extremity function,
symptoms, and quality-of-life in patients with chemotherapy-induced peripheral neuropathy.

Methods After screening 341 patients, 42 were randomly assigned to either the intervention (n=21) or control (n=21) groups.
Participants were evaluated at baseline (T0), after one chemotherapy cycle (T1), and after two chemotherapy cycles (T2).
The primary outcome was upper extremity function measured using the Michigan Hand Outcomes Questionnaire at T2. The
intention-to-treat and as-treated populations were compared using a mixed-effect model.

Results In the intention-to-treat analysis, the decline in activities of daily living was signi�cantly suppressed in the
intervention group than in the control group at T2 (difference: 7.23; 95% con�dence interval: 0.35, 14.10; P=0.0397). Similarly,
in the as-treated analysis, the decline in activities of daily living was signi�cantly suppressed in the intervention group than in
the control group at T2 (difference: 13.09; 95% con�dence interval: 5.68, 20.49; P=0.0008); and pain was also signi�cantly
improved in the intervention group than in the control group at T2 (difference: 13.21; 95% con�dence interval: -22.91, -3.51;
P=0.0083).

Conclusion Performing a combined hand exercise intervention may prevent worsening in the activities of daily living using
upper extremities in patients with chemotherapy-induced peripheral neuropathy.

Trail registration number: UMIN000029389.

Date of registration: 2017/10/02

Introduction
Cancer patients undergoing prolonged treatment often exhibit symptoms caused by the cancer as well as various treatment-
related adverse events that cause deterioration in physical and mental function, impact daily life, and reduce their quality-of-
life (QOL). In particular, chemotherapy-induced peripheral neuropathy (CIPN) is one of the major adverse events in patients
undergoing chemotherapy and has various negative effects on the activities of daily living (ADL) [1–4] and QOL [5–7]. CIPN
is a common, signi�cant, and non-hematologic adverse event of chemotherapy that may develop as a consequent to
treatment with multiple chemotherapeutic agents, including platinum compounds (cisplatin, carboplatin, and oxaliplatin),
taxanes (paclitaxel and docetaxel), vinca alkaloids (vincristine and vinblastine), thalidomide, and bortezomib [8]. The main
symptom of CIPN is sensory neuropathy, such as numbness, pain, dysesthesia, hypoesthesia, and hyperesthesia in the distal
portion of the upper and lower extremities, and may sometimes present as motor neuropathy, such as muscle cramps and
weakness [8].

Regarding the upper extremities, owing to the appearance or exacerbation of symptoms in the �ngers, it becomes di�cult to
perform many activities that require manual dexterity and strength in various situations in daily life, such as self-care
(dressing), household chores (cooking), hobbies, work, and leisure [1–3]. In addition, certain symptoms may persist even
after 2 years following the end of treatment [9]. A meta-analysis revealed that in 68.1%, 60%, and 30% of patients, the
symptoms persisted after 1 month, 3 months, and 6 months, respectively, following the end of chemotherapy [10]. Thus,
CIPN shows chronic symptoms even after the end of treatment and could negatively impact ADL and QOL over an extended
period. In cancer rehabilitation, it is important to prevent secondary disorders, alleviate symptoms associated with these
problems, and maintain and improve mental and physical function, ADL, and QOL.

Currently, the effectiveness of various treatments and prophylaxis for CIPN is being evaluated, but there are no well-proven
recommendations yet [11]. Exacerbation of neuropathy may necessitate a reduction in the dose of anticancer drugs, a
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change in the treatment regimen, or discontinuation of treatment. Therefore, CIPN is a serious problem for patients with
cancer who have limited treatment options.

In recent years, the effects of non-pharmacological interventions for CIPN [12–14] are being increasingly researched. A
previous study that evaluated the effect of exercise intervention, focused on CIPN symptoms such as numbness and pain,
QOL, and physical outcomes involving lower limb functions such as muscle strength and balance ability [14–17]. However,
as previously mentioned, patients with CIPN also experience issues with performing ADL that involve the upper extremity. To
the best of our knowledge, rehabilitation interventions for decline in ADL involving the upper extremity of patients with CIPN
have not been reported, and the effects of these interventions have not been ascertained.

Therefore, this study aimed to evaluate the e�cacy of a combined hand exercise intervention for upper extremity function,
CIPN symptoms, and QOL in patients with CIPN.

Method
Study design

This study was a single-blind, single-center, randomized controlled trial to evaluate the e�cacy of a combined hand exercise
intervention in patients with CIPN. This study was approved by the ethics committee of Nagasaki Genbaku Hospital and
Nagasaki University Graduate School of Biomedical Sciences, and written informed consent was obtained from all
participants. The study was registered at the University Hospital Medical Information Network Clinical Trials Registry (UMIN-
CTR) (UMIN000029389).

Participants

The participants were patients undergoing chemotherapy for hematological malignancy and gastrointestinal cancer at our
institution between February 2017 to March 2021. The eligibility criteria were age >20 years and development of upper
extremity CIPN after using anticancer agents with neurotoxic effects (vinca alkaloids, taxanes, platinum compounds and
proteasome inhibitors). The diagnosis of CIPN was determined based on symptom history or the presence of symmetrical
stocking-glove numbness or paresthesia beginning after neurotoxic chemotherapy [18]. Patients who had serious organ
damage, such as acute liver failure and acute heart failure; had and/or could develop symptoms such as pain and numbness
in the upper extremity for other reasons, namely, trauma (fractures), central nervous system diseases (cerebral infarction),
and diseases that may cause neurological symptoms and pain (diabetes, rheumatoid arthritis, and cervical myelopathy); had
bone metastases; complained of pain in areas other than the upper extremity unrelated to CIPN; had a history of psychiatric
disorders, such as depression and schizophrenia; had cognitive decline (Mini-Mental State Examination score <23 points);
and/or only exhibited acute neuropathy, such as that seen in patients using oxaliplatin, were excluded.

Randomization and blinding

Patients were randomly assigned (1:1) to the intervention group (IG) or control group (CG). Randomization was performed
using computer-generated random numbers, was strati�ed for each neurotoxic anticancer agent (vinca alkaloids, taxanes,
platinum agents, and proteasome inhibitors), and the block size was two. Blinding of patients was not possible because of
the nature of the intervention; outcome assessors were performed.

Procedure

Eligible participants who provided consent were randomly assigned to the IG or CG. In both groups, baseline evaluation was
performed in the next treatment cycle where the study protocol was explained and consent was obtained. Both groups were
followed up for two treatment cycles.

Intervention
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The intervention was performed unsupervised and was a combined intervention that included muscle strength exercises,
manual dexterity training, and sensory function training (Figure 1). Each menu was as simple as possible to make it easier to
perform under unsupervised conditions. For muscle strength exercises, grip and pinching movements were performed at
40%–60% of the maximum muscle strength using a hand exerciser and �nger exerciser. For sensory function training,
material identi�cation using different surfaces and materials, and tactile perception practice with counted dot numbers using
Braille practice sheets were performed. For manual dexterity training, origami and paper tearing were performed. It was
di�cult to objectively set the load for manual dexterity exercises and sensory function training; the load was adjusted to an
extent such that the participant subjectively felt that it was a little di�cult to di�cult.

The subjects were instructed to perform the program for approximately 30 min a day for 3 days or more per week and to
avoid one activity. In addition, the participants were instructed to use a checklist to record intervention details including the
intervention menu and frequency of intervention; we con�rmed the status of the intervention using this checklist.

Outcome measures

The primary outcome was upper extremity function as measured by the Michigan Hand Outcomes Questionnaire (MHQ)
after two chemotherapy cycles (T2). Secondary outcomes were upper extremity function after one chemotherapy cycle (T1),
muscle strength, sensory function, manual dexterity, degree of symptoms, pain catastrophizing, and QOL at T1 and T2.
Clinical and demographic information were obtained from the electronic medical records. Evaluation was performed on the
day before treatment or before the start of treatment on the day of treatment to minimize the impact of treatment side
effects. In addition, two assessors who were blinded to the allocation performed the evaluation.

Primary outcome

The primary outcome was upper extremity function measured using the MHQ. MHQ evaluates hand-speci�c outcomes on six
distinct scales: (1) overall hand function, (2) ADL, (3) work performance, (4) pain, (5) aesthetics, and (6) patient satisfaction
with hand function; its reliability and validity have been previously con�rmed [19, 20]. Raw scores were converted to scores
ranging from 0 to 100, wherein higher scores indicated favorable performance. However, pain domain scores were reversed.

Secondary outcomes

Muscle strength was evaluated as grip and pinch strength (pulp pinch), which was measured using a digital hand
dynamometer (T.K.K.5401, Takei Kiki Kogyo) and a digital pinch gauge (JAMAR Plus+ Digital Pinch Gauge). Both
evaluations were performed with the dominant hand, and the maximum value of the two measurements was adopted.

Sensory function was evaluated as the light touch sensation of the tips of the index �nger using the Semmes-Weinstein
mono�lament test (SWMT) [21]. This SWMT kit consists of 20 nylon mono�laments labeled with intensity (1.65–6.65). For
each �lament, the esthesiometer pressure in grams was converted to log100.1 mg, thereby yielding a scale composed of
intervals of approximately equal intensity between �laments. The subjects were tested in a quiet area with their eyes closed
using a shield after receiving clear instructions.

Manual dexterity was evaluated using the Purdue Pegboard test [22]. This is an assessment involving the insertion of a pin
(length, 25 mm; diameter, 3 mm) into a board on which 25 holes were arranged vertically. The number of inserted pins was
evaluated using the task of inserting a pin into the holes in 30 s with the dominant hand; the maximum value of two
measurements was recorded.

The degree of symptoms was evaluated using the visual analog scale (VAS), and the hand symptoms were de�ned as 0 mm
for “nothing at all” and 100 mm for “unbearable.”

QOL was evaluated using the Functional Assessment of Cancer Therapy/Gynecologic Oncology Group-Neurotoxicity
(FACT/GOG-Ntx) [23]. The FACT/GOG-Ntx is the FACT-G plus an eleven-item subscale (Ntx subscale) that evaluates
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symptoms and concerns associated speci�cally with chemotherapy-induced neuropathy. A high score indicates a better
QOL.

Pain catastrophizing was evaluated using the pain catastrophizing scale (PCS) [24]. The PCS is a self-reported questionnaire
consisting of 13-items rated on a scale from “not at all” (0) to “all the time” (4) for each item. The higher the score, the
stronger the catastrophizing.

Sample size

Because no study was available to suggest a realistic between-group difference in our primary outcome, we considered a
large effect size (Cohen’s d) of 0.8 and statistical power of 80% with a two-sided 5% signi�cance level for the sample size
calculation using G-power. We assumed a 20% dropout rate during the observation period and found that 30 patients were
needed per group for this study.

Recruitment was stopped because it seemed unrealistic to achieve the planned sample size during the planned recruitment
period with the ongoing recruitment velocity.

Statistical analysis

Two analyses for intention-to-treat (ITT) and as-treated populations were performed to evaluate the e�cacy of the combined
hand exercise intervention. The ITT population was de�ned to comprise all randomly assigned patients. The as-treated
analysis was performed to address whether the intervention was bene�cial if actually performed [25], because ITT analysis
underestimated the intervention effect when participants did not follow the assigned treatment [26, 27]. For the as-treated
analysis, patients who performed the intervention <2 times per week were excluded from the analysis; those who did not
undergo any intervention were treated as the CG, and those who received an intervention were treated as the IG. Primary and
secondary outcomes were compared between the IG and CG; we evaluated changes from baseline at each evaluation time
point using a mixed-effect model for repeated measures analysis with the assessment time point, intervention, baseline
scores, and interaction of intervention by time as the �xed effect and participants as the random effect in the model. In the
analysis of the primary outcome, the level of signi�cance was set at a two-sided α=0.05. For analysis of the secondary
outcome, the level of signi�cance was set at a two-sided α=0.05, and multiple comparison correction was not performed.
Therefore, the results of the secondary analyses should be interpreted as exploratory because of multiple comparisons. All
statistical analyses were performed using JMP Pro 15.0.0 (SAS Institute Inc.).

Results
A total of 341 patients were assessed for eligibility and 42 were randomly assigned to the IG (n = 21) or CG (n = 21) (Fig. 2).
Reasons for ineligibility included the following: 1.) patients did not have symptoms in their hand (n = 207), 2.) had and/or
may develop symptoms such as pain and numbness in the upper extremity (n = 51), 3.) had bone metastases, 4.)
complained of pain unrelated to CIPN (n = 19), 5.) had poor general health (n = 2), 5.) had cognitive decline (n = 4), 6.) had not
informed a diagnosis of cancer (n = 1), 7.) had a psychiatric disorder (n = 1). In addition, seven patients were excluded
because of lack of observation period data, two patients were excluded because they performed regular exercise outside of
the trial, and �ve patients did not agree to be included. Before baseline assessment, two patients in the IG were excluded for
uncontrolled pain, and one patient in the CG was excluded because of acute deterioration.

In the ITT population, the linear mixed-effect model was available for 29 of 39 patients at T2 (IG: n = 15 and CG: n = 14) and
for 35 of 39 patients at T1 (n = 17 and n = 18 for the IG and CG, respectively). Regarding the as-treated analysis, in the IG, two
patients who performed the intervention for < 2 days per week were excluded from the analysis, and two patients who did not
perform any intervention were analyzed with the CG. In addition, one patient in the CG performed the intervention and were
analyzed with the IG.
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Baseline characteristics were similar between the groups (Table 1). The evaluation interval from T0 to T1 was 25.9 (standard
deviation [SD]: 4.4) days in the IG and 25.4 (SD: 4.0) days in the CG, and from T1 to T2 was 25.2 (SD: 3.8) days in the IG and
26.1 (SD: 5.3) days in the CG. Additionally, the IG group performed the intervention for a mean of 16.3 (SD: 4.3) days from T0
to T1 and 16.6 (SD: 4.5) days from T1 to T2.

Intention-to-treat comparison

Table 2 provides a comparison of the mean difference in changes from baseline in the ITT analysis. In the primary outcome,
the ADL of MHQ decline was suppressed more signi�cantly in the IG than in the CG at T2 (difference: 7.23; 95% con�dence
interval [CI]: 0.35, 14.10; P = 0.0397). There were no statistically signi�cant differences between the groups in other MHQ
subscales. Among the secondary outcomes, the suppression of ADL of MHQ decline in the IG was more signi�cant than that
in the CG at T1 (difference: 6.79; 95% CI: 0.30, 13.28; P = 0.0405); pinch strength in the IG was a signi�cantly greater
improvement than in the CG at T1 (difference: 0.86; 95% CI: 0.37, 1.34; P = 0.0007) and at T2 (difference: 0.69; 95% CI: 0.17,
1.21; P = 0.0096); the CG showed signi�cantly better results for the Purdue Pegboard test than the IG did (difference: -1.1;
95% CI: -2.06, -0.13; P = 0.0266) at T2; and the social/family subscale from FACT-COG/Ntx improved signi�cantly more in the
CG than it did in the IG (difference: -2.83; 95% CI: -5.25, -0.40; P = 0.023) at T1.

As-treated comparison

Table 3 shows the comparison of the mean difference in the changes from baseline in the as-treated analysis. The mean
differences in the change from baseline were large in this population. For the primary outcome, the suppression of ADL of
MHQ decline was signi�cantly more in the IG than in the CG at T2 (difference: 13.09; 95%CI: 5.68, 20.49; P = 0.0008), and the
pain in the MHQ showed a signi�cantly greater improvement in the IG than they did in the CG at T2 (difference: 13.21; 95%
CI: -22.91, -3.51; P = 0.0083). For the secondary outcome, ADL of MHQ decline was more signi�cantly suppressed in the IG
than in the CG at T1 (difference: 10.61; 95% CI: 3.29, 17.93; P = 0.0051); the pain in the MHQ showed signi�cantly more
improvement in the IG than in the CG at T1 (difference: -12.24; 95% CI: -21.82, -2.66; P = 0.013); and improvement in the pinch
strength was signi�cantly greater in the IG than in the CG at T2 (difference: 0.76; 95% CI: 0.18, 1.34; P = 0.0115).

Adverse events

In both groups, one patient experienced acute deterioration and one patient experienced uncontrolled pain during the
observation period from the baseline of this study. Two patients in the CG were newly started on medication for neuropathic
pain; no such changes occurred in the IG.

Discussion
The results of this study suggest that performing combined hand exercise intervention in patients with CIPN may prevent a
decline in ADL that require the upper extremity. In the as-treated analysis, the effect was larger, and the pain symptoms
(measured by MHQ) were also improved. To the best of our knowledge, this study is one of the �rst randomized controlled
trials focused on upper extremity function in patients with CIPN. Our �ndings demonstrate the effectiveness and feasibility
of interventions for this patient population.

Both ITT and as-treated analysis revealed a signi�cant improvement in pinch force in the IG than in the CG. Previous studies
have reported that hand muscle strength was associated with disability in ADL [28, 29], and improvement in pinch force may
have been a factor in preventing the worsening of disability in ADL in this study. In addition, during the observation period,
the IG experienced more improvement in pain symptoms (measured by MHQ) and the degree of symptoms (measured by
VAS) than did the CG (mean difference: -7.0, 95% CI: -16.99, 3.0; by as-treated analysis at T2). In addition, medication was
initiated in two patients in the CG due to an exacerbation of CIPN symptoms, but no patient in the IG required medication due
to exacerbation of symptoms. In previous studies, the more intense the CIPN symptom, the lower the ADL [4, 30], which also
supports the results of this study.
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Potential mechanisms of the bene�t of exercise intervention for CIPN symptoms include possible anti-in�ammatory effects
and effects on the central nervous system. In�ammatory cytokines, such as tumor necrosis factor-alpha, interleukin-1β, and
interleukin-6 are involved in neuropathic pain [31], and neuroin�ammation is one of the major underlying mechanisms of
CIPN [32]. Exercise has shown anti-in�ammatory effects in various pathological conditions, including cancer [33, 34], and
similar effects [35] have been reported in meta-analyses targeting cancer survivors. In animal studies investigating the
effects of exercise on CIPN, it was reported that exercise partially suppressed the decrease in axon count [36], reduced
neuropathic pain [37, 38], and promoted nerve �ber regeneration [39, 40]. In addition, CIPN is said to cause central
sensitization [41]; in animal experiments, exercise reduced the expression of calcitonin gene-related peptide in the dorsal horn
of the spinal cord, suppressed central sensitization, and improved hyperalgesia [42]. Therefore, in our study, hand exercise
may have prevented muscle weakness, reduced in�ammation, and suppressed central sensitization, thereby reducing the
exacerbation of CIPN symptoms and, consequently, preventing the worsening of ADL impairment.

According to a previous study [11], only duloxetine is recommended as a treatment for CIPN with moderate evidence, but
there are side effects. However, in the intervention performed in this study, no adverse events were observed. Therefore, the
proposed interventions may be deemed feasible and safe. In the IG, the average exercise adherence was 73.3% because two
patients who completed the course up to T2 had inadequate intervention frequency and two did not perform the intervention.
The intervention was performed unsupervised, and the intervention status was determined by assessment using a check
sheet at the time of evaluation. However, methods to further improve adherence, such as regular telephone contact and
performance of intervention under supervision, must be considered.

This study has several limitations. The �rst limitation is the sampling of the subjects. Owing to the strict setting of the
subject’s inclusion criteria to verify the effect of the intervention on exclusively CIPN symptoms, the planned sample size
could not be achieved. Those with potential neurological symptoms, such as patients with diabetes, were excluded
regardless of whether symptoms appeared. Therefore, it is possible that we may have excluded patients with comorbidities
that did not affect upper extremity function other than CIPN. Finally, the participants in our study were patients with
hematological malignancy and gastrointestinal cancer recruited at a single center. Therefore, our results may not be
generalizable to other patients with cancer.

In conclusion, the proposed combined hand exercise intervention was bene�cial as a non- pharmacological intervention in
patients with CIPN and suppressed ADL decline and pain in upper extremities. In the future, larger randomized controlled
trials with more cancer types and participants are needed to con�rm the bene�t of this intervention in other populations.
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  Intervention group
(n = 19)

Control group
(n = 20)

Age, median (range), years 69 (60–89) 64 (57–87)

Sex, n (%)    

Male 11 (57.9) 11 (55.0)

Female 8 (42.1) 9 (45.0)

Diagnosis, n (%)    

hematologic malignancies 11 (57.9) 11 (55.0)

gastrointestinal cancer 8 (42.1) 9 (45.0)

Treatment category, n (%)    

inpatients 10 (52.6) 11 (55.0)

outpatients 9 (47.4) 9 (45.0)

Recurrence, n (%)    

yes 5 (26.3) 5 (25.0)

no 14 (73.7) 15 (75.0)

Duration of disease, median (range), months 5 (2–111) 6 (2–93)

Duration of current treatment, median (range), days 82 (40–169) 80 (22–217)

Medicine, n (%)    

vincristine 11 (57.9) 11 (55.0)

oxaliplatin 6 (31.6) 6 (30.0)

nab-paclitaxel 2 (10.5) 3 (15.0)

Prescription of medication, n (%)    

pregabaline 1 (5.3) 2 (10.0)

Hemoglobin, median (range), g/dL 10.5 (8.2–13.7) 10.75 (8.6–12.9)

Neutrophil count, median (range), 103/µL 2.8 (0.9–7.1) 2.85 (1.0–5.4)

Platelet count, median (range), 103/µL 160 (53–455) 195 (71–456)

MCV median, median (range) 52.5 (45.6–64.0) 53.7 (49.3–72.5)

MCV ulnar, median (range) 55.6 (45.9–63.1) 55.35 (46.7–62.7)

SCV median, median (range) 48.8 (40.9–62.0) 50.7 (36.5–56.9)

SCV ulnar, median (range) 47.95 (41.1–57.5) 50.4 (30.6–58.5)

MMSE, median (range) 29 (25–30) 29 (24–30)

MHQ, median (range)    

overall function 65 (30–100) 65 (30–100)

ADL 86.8 (22.5–100) 89.1 (54.6–100)

work 75 (30–100) 75 (25–100)



Page 13/18

pain 0 (0–70) 0 (0–85)

aesthetics 75 (43.8–100) 71.9 (25–93.8)

satisfaction 62.5 (12.5–100) 52.1 (8.3–100)

Grip strength, median (range), kg 21.8 (10.4–53.0) 23.9 (10.4–39.1)

Pinch strength, median (range), kg 3.9 (1.4–7.7) 3.8 (1.3–6.7)

SWT, median (range), log100.1mg 3.6 (2.8–4.1) 3.4 (2.8–4.2)

Purdue Pegboard, median (range), number 12 (8–12) 13 (7–18)

VAS, median (range), mm 30 (4–80) 31 (8–90)

PCS, median (range) 16 (0–40) 16.5 (5–30)

FACT/GOG-Ntx, median (range)    

Physical 20 (12–28) 18 (7–28)

Social/Family 16.3 (3–26.8) 19.8 (0–25.7)

Emotional 20 (6–24) 17.5 (8–24)

Functional 17 (6–28) 16.5 (8–28)

Neurotoxity 30 (19–43) 30 (18–40)

MCV, motor nerve conduction velocity; SCV, sensory nerve conduction velocity; MHQ, Michigan Hand Outcomes
Questionnaire; SWT, Semmes-Weinstein Mono�laments Test; VAS, visual analog scale; PCS, pain catastrophizing scale;
FACT/GOG-Ntx, Functional Assessment of Cancer Therapy/Gynecologic Oncology Group-Neurotoxicity

Table 2. Primary and secondary outcomes by intention-to-treat analysis
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  Mean change from baseline (SD) Comparison of mean difference in change (IG vs CG)

  Intervention
group

Control group Mean difference in change
from baseline at T1

Mean difference in change
from baseline at T2

  T1 (n = 
17)

T2 (n 
= 15)

T1 (n 
= 18)

T2 (n 
= 14)

mean
difference

95%CI p
value

mean
difference

95%CI p
value

MHQ                    

overall
function

-2.1
(16.7)

-5.7
(16.4)

-3.9
(15.5)

-4.6
(15.5)

2.91 -4.78
to
10.61

0.4538 1.28 -6.95
to
9.51

0.7585

ADL -4.1
(11.1)

-6.2
(12.5)

-11.3
(8.6)

-13.8
(15.9)

6.79 0.30
to
13.28

0.0405 7.23 0.35
to
14.10

0.0397

work 0.6
(13.4)

-11.7
(17.8)

-1.9
(19.3)

-5.4
(20.7)

2.72 -6.33
to
11.78

0.5517 -5.11 -14.73
to
4.51

0.2943

pain -2.1
(23.3)

2.3
(17.8)

6.7
(18.7)

4.6
(17.4)

-8.61 -18.36
to
1.14

0.0828 -4.57 -14.95
to
5.81

0.3847

aesthetics 6.3
(16.2)

-2.5
(16.5)

5.2
(19.7)

2.7
(25.8)

1.91 -7.79
to
11.62

0.6963 -0.54 -10.92
to
9.83

0.9173

satisfaction -5.9
(14.6)

-7.2
(19.9)

-6.0
(24.5)

-4.8
(25.6)

1.07 -9.57
to
11.71

0.8424 -0.66 -11.94
to
10.62

0.9075

Grip strength -0.7
(1.7)

-0.6
(2.1)

-0.6
(2.5)

0.4
(2.6)

-0.25 -1.42
to
0.92

0.6697 -0.85 -2.11
to
0.41

0.1837

Pinch
strength

0.4 (1.0) 0.3
(0.6)

-0.3
(1.0)

-0.4
(0.9)

0.86 0.37
to
1.34

0.0007 0.69 0.17
to
1.21

0.0096

SWT 0.2 (0.4) 0.0
(0.5)

0.1
(0.3)

-0.0
(0.4)

0.06 -0.17
to
0.29

0.597 0.05 -0.19
to
0.29

0.6545

Purdue
Pegboard

-0.5
(2.2)

-0.7
(1.5)

0.3
(2.1)

0.3
(1.9)

-0.79 -1.69
to
0.11

0.0861 -1.1 -2.06
to
-0.13

0.0266

VAS 4.8
(19.5)

6.4
(18.6)

6.9
(14.9)

11.9
(13.7)

-2.39 -11.25
to
6.46

0.5925 -6.27 -15.68
to
3.14

0.189

PCS 4.0
(10.8 )

2.6
(11.4)

1.3
(8.5)

0.1
(6.6)

2.25 -2.97
to
7.48

0.3932 1.7 -3.73
to
7.12

0.5357

FACT/GOG-
Ntx

                   

Physical -1.3
(3.3)

-0.9
(3.0)

-0.6
(3.1)

0.7
(4.3)

-0.57 -2.44
to
1.29

0.5418 -1.66 -2.42
to
1.02

0.0995

Social/Family -1.5
(3.8)

-0.2
(5.3)

0.8
(4.6)

0.6
(4.4)

-2.83 -5.25
to
-0.40

0.023 -0.72 -3.32
to
1.88

0.5843
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Emotional -0.8
(4.3)

0.1
(4.0)

0.8
(2.6)

-0.1
(3.3)

-1.19 -2.93
to
0.55

0.1795 0.23 -1.63
to
2.08

0.8097

Functional 0.6 (7.1) 2.3
(5.6)

0.3
(5.1)

-0.2
(4.9)

-0.48 -3.39
to
2.42

0.7417 2.25 -0.83
to
5.32

0.1504

Neurotoxity -1.6(4.8) -3.7
(6.5)

-0.4
(7.5)

0.3
(7.2)

-0.6 -4.00
to
2.80

0.7274 -3.37 -6.98
to
0.24

0.066

Table 3. Primary and secondary outcomes by as-treated analysis
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  Mean change from baseline (SD) Comparison of mean difference in change (IG vs CG)

  Intervention
group

Control group Mean difference in change
from baseline at T1

Mean difference in change
from baseline at T2

  T1 (n 
= 12)

T2 (n 
= 12)

T1 (n 
= 15)

T2 (n 
= 15)

mean
difference

95%CI p
value

mean
difference

95%CI p
value

MHQ                    

overall
function

2.1
(16.3)

-0.8
(19.6)

-6.3
(14.7)

-8.0
(12.5)

5.99 -2.72
to
14.70

0.1743 5.2 -3.62
to
14.03

0.2438

ADL -2.2
(5.3)

-2.6
(13.3)

-13.0
(10.5)

-15.3
(14.3)

10.61 3.29 to
17.93

0.0051 13.09 5.68 to
20.49

0.0008

work 5.4
(20.1)

-6.7
(26.0)

-5.0
(12.8)

-8.3
(13.2)

6.42 -4.60
to
17.34

0.2491 -0.91 -12.07
to
10.25

0.8713

pain -4.2
(16.4)

-2.9
(14.7)

9.0
(17.3)

10.7
(16.8)

-12.24 -21.82
to
-2.66

0.013 -13.21 -22.91
to
-3.51

0.0083

aesthetics 9.4
(10.8)

2.6
(14.2)

5.4
(22.4)

-2.1
(27.1)

5.18 -5.94
to
16.31

0.3561 6.17 -5.12
to
17.46

0.2749

satisfaction 1.1
(19.1)

1.1
(24.8)

-11.1
(20.5)

-9.7
(20.3)

7.76 -4.43
to
19.94

0.2079 7.49 -4.84
to
19.83

0.2293

Grip strength -0.8
(1.5)

-0.2
(2.1)

-0.2
(1.7)

0.1
(2.6)

-0.79 -1.99
to 0.41

0.1918 -0.55 -1.80
to 0.69

0.3744

Pinch
strength

0.5
(1.0)

0.4
(0.4)

0.0
(1.1)

-0.4
(0.9)

0.47 -0.10
to 1.05

0.1055 0.76 0.18 to
1.34

0.0115

SWT 0.2
(0.5)

-0.1
(0.6)

0.2
(0.3)

0.1
(0.4)

0.02 -0.25
to 0.29

0.8848 -0.21 -0.48
to 0.07

0.138

Purdue
Pegboard

-0.4
(2.2)

-0.5
(1.7)

0.2
(2.0)

0.1
(1.9)

-0.78 -1.79
to 0.23

0.1296 -0.77 -1.80
to 0.25

0.1383

VAS 4.7
(17.0)

5.5
(19.4)

10.7
(14.6)

13.3
(13.6)

-4.26 -14.13
to 5.62

0.3924 -7 -16.99
to 3.00

0.1669

PCS 4.4
(6.8 )

1.5
(10.0)

0.6
(10.2)

2.1
(8.5)

4.21 -1.44
to 9.86

0.1413 -0.1 -5.81
to 5.62

0.9734

FACT/GOG-
Ntx

                   

Physical -1.0
(3.3)

0.1
(3.7)

-1.0
(2.8)

0.2
(3.6)

-0.21 -2.30
to 1.87

0.8384 -0.24 -2.35
to 1.87

0.8221

Social/Family -1.3
(4.4)

0.0
(5.8)

0.2
(5.0)

0.3
(4.4)

-1.33 -4.33
to 1.68

0.3819 -0.23 -3.28
to 2.82

0.8819

Emotional -0.4
(4.8)

0.25
(4.5)

1.5
(2.6)

0.0
(3.1)

-1.78 -3.86
to 0.29

0.0905 0.06 -2.04
to 2.17

0.9523

Functional 0.8
(7.4)

2.4
(6.4)

0.5
(5.0)

0.2
(4.6)

-0.04 -3.50
to 3.41

0.9798 1.7 -1.79
to 5.20

0.3343

Neurotoxity -1.6
(3.6)

-3.3
(6.9)

-0.2
(7.2)

-0.3
(7.4)

-2 -5.85
to 1.85

0.3023 -3.45 -7.35
to 0.48

0.0818
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Figures

Figure 1

Example of intervention menu a. muscle strength exercise; b. sensory function training; c. manual dexterity training

Figure 2
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Flow diagram of study participants


