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Abstract: (1) Background: Previous systematic review suggested a beneficial effect of progressive
muscle relaxation (PMR) for cancer patients receiving chemotherapy. However, poor quality of
eligible studies impaired the reliability and validity of findings. Moreover, additional potential
studies with good quality published in Chinese language have been published recently. The aim of
the present systematic review was to investigate the value of PMR training in preventing and
alleviating nausea and vomiting caused by chemotherapy among cancer patients. (2) Methods: We
assigned two independent investigators to search all potential studies in PubMed, Cochrane
Controlled Register of Trial (CENTRAL), Cumulative Index to Nursing and Allied Health Literature
(CINAHL), China Biomedical Literature database (CBM), China National Knowledge Infrastructure
(CNKI), and Wanfang data. We used data extraction sheet extracted all essential information, and
used the Cochrane risk of bias assessment tool to appraise the quality of eligible studies. Finally, we
qualitatively summarized the results of all included studies. (3) Results: Six studies enrolling 288
patients were considered to meet our selection criteria finally. Of these 6 studies, three were labeled
as moderate quality, and the remaining studies were low quality. All included studies consistently
suggested that PMR has a positive impact on nausea and vomiting caused by chemotherapy among
cancer patients especially alleviating the incidence, frequency and degree of delayed nausea and
vomiting. (4) Conclusions: Independent studies indicated that PMR was a beneficial approach to
prevent and alleviate nausea and vomiting caused by chemotherapy among cancer patients.
However, further studies considering other types of primary tumors should be designed in order to
increase the generality of PMR because studies included in the present systematic review mainly
enrolled lung cancer and breast cancer.

Keywords: Cancer; Chemotherapy; Nausea; Vomiting; Progressive muscle relaxation

1. Introduction

According to the Global Cancer Statistics published in 2018, it is estimated that approximately
18.1 million new cancer cases and 9.6 million cancer deaths will occur in 2018[1]. Chemotherapy has
been the decisive element of the multidisciplinary cancer treatment regime[2], and it is reported that
chemotherapy was associated with prolonged survival and decreased cancer-related mortality and
morbidity[3]. Nonetheless, a successful course of chemotherapy will cause significant various of
serious side effects such as hair loss, loss of appetite, nausea, vomiting, temporary or permanent
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44 frigidity or impotence, as well as negative affects [4-6]. Of which, nausea and vomiting (CINV) is the
45  most distressing one[7].

46 Serious nausea and vomiting not only lead to malnutrition, electrolyte disturbances, and
47  dehydration[8], but also greatly impair functional status and the quality of life in cancer patients
48  underwent chemotherapy[9]. It is noted that cancer patients suffering from distressing nausea and
49  vomiting always interrupt chemotherapy regime[10]. However, refusal of or withdraw from the
50  prescribed chemotherapy regime might be the major contributor to a reduction of survival time[11].
51  Hence, considerable efforts have been made towards order to effectively prevent and alleviate nausea
52 and vomiting caused by chemotherapy. At present, use of antiemetics remains the cornerstone of
53  managing nausea and vomiting related to chemotherapy, whereas prophylactic use of antiemetics
94 are not applicable for all patients receving chemotherapy. More importantly, antiemetics will also be
55  associated with several of undesirable side effects. Considering these issues, researchers and
56  practitioners changed their attention from pharmacological treatment to non-pharmacological
57  intervention. As the most common non-pharmacological option, progressive muscle relaxation (PMR)
58  exercise has been widely applied to prevent and alleviate the toxic resulted from chemotherapy.
59  Consequently, sporadic studies [12-17] were also performed to investigate the value of PMR for
60  prevention and alleviation of nausea and vomiting caused by chemotherapy.

61 Although a previous systematic review has explored the role of PMR among cancer patients
62  receiving chemotherapy[18]. However, in this systematic review, Pelekasis and colleagues evaluated
63  several outcomes such as nausea, vomiting, anxiety, fatigue, sleep quality and cancer discomfort[18].
64  That is to say, nausea and vomiting were not be fully focused. Moreover, most important is the fact
65  that some studies published in the Chinese language were not enrolled [14,15,17]. It is important to
66  note that, however, it a critical characteristic of a systematic review to capture all potential studies
67  worldwide[19]. So, is critical to design a systematic review to fully investigate the efficacy and safety
68  of PMR for prevention and alleviation of nausea and vomiting induced by chemotherapy among
69  cancer patients.

70  2.Results
71 2.1. Result of identification

72 We delineated the process of searching and screening citations in Figure 1. We captured 211
73 records after initially searched all targeted databases, and 119 unique records were remained after
74 removing duplicates using the literature management software EndNote X7. We further excluded
75 79 records after carefully checking the title and abstract of each item, and thus 40 items were

76  included to be checked in full-text. Finally, 6 studies [12-17] enrolling 288 patients were deemed to
77 meet our selection criteria after excluding from 36 studies due to several reasons including

78  unrelated to topic and ineligible patients and intervention regimes.
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80 Figure 1. Flow diagram of searching and selecting citations. PMR, progressive muscle relaxation;
81 IGR, image-guided relaxation.
82 2.2. Characteristics of included studies
83 We documented the basic characteristics of all eligible studies in Table 1. Of these 6 eligible

84  studies, 4[14-17] were were performed in China and remaining two [12,13] were completed in

85  Japan. The sample size of individual study was ranging from 8 to 100 with a median of 64. Two

86 studies [15,17] enrolled patients with lung cancer, two[14,16] enrolled breast cancer patients, and
87  two[12,13] included mixed cancer patients. Five studies [12-15,17] reported the average adherence
88  rate of ranging from 85.8% to 100% except for one[16] in which this index was not included. Five
89  measures including Common Terminology Criteria for Adverse Events (CTCAE) [17],

90  Multinational Association of Supportive Care in Cancer Antiemesis Tool (MASCC-AT) [14,15],

91  Index of Nausea and Vomiting-Form 2 (INV-2)[13], Morrow of Nausea and Emesis (MANE)[12],
92 and Rotterdam Symptom Scale (RSS)[16] were used to evaluate the outcomes in all eligible studies.

93  2.3. Risk of bias of all eligible studies

94 The risk of bias for each study was presented in Figure 2. Of included 6 studies, three [14,15,17]
95  adopted a random number table to generate random sequence, two[12,13] did not report the details
96  of randomization, and one[16] assigned patients based on an order of admission. One [16] study
97  did not conceal the random sequence. Three studies [12,13,16] did not blinded investigators and
98  patients. Two studies [12,13] were identified as have high risk of attrition bias. Moreover, two
99  studies [12,13] were also judged to be high risk in terms of other risk sources because pre-/post
100  design was adopted. So, three studies [12,13,16] were labeled as high risk of bias, and remaining
101  three[14,15,17] were labeled as unclear risk of bias. Finally, we rated the whole quality of all
102  included studies to be low level due to a half of studies were labeled as high risk of bias.
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Table 1. Basic characteristics of included 6 studies

d0i:10.20944/preprints201910.0225.v1

Sample si " A Pri Durationof | - o8¢
ample size e rima uration o
Study Country P (male/female) & v Details of PMR exercise adherence | Measures used Main findings
(CG/IG) (CG/IG) tumor follow-up
CG 1G rate
Once a day, lasting for 3 weeks, L
Zhang, et . (54.7£5.8)/ Lung . . 3 weeks after PMR reduced the incidecne of
China 50 (25/25) 16/9 14/11 duration of per session was 100% CTCAE .
al., 2017 56.1+6.4) cancer treatment nausea and vomiting.
unclear.
2 repeated L
PMR reduced the incidence
measures from
Li, etal, . (47.32+7.45)/(4 Breast Twice a day, 30 minutes per and frequency of delayed
China 68 (34/34) All were femal . . day 1 to day 4 100% MASCC-AT . .
2019 8.97+7.78) cancer session, lasting for 4 days. vomiting, and allievated
after start of
delayed nausea.
chemotherapy
PMR reduced the number of
acute vomiting, and the
Luo, et . Lung Once a day, 25 minutes per 7 days after frequency and number of
China 72 (36/36) 52/20 21-72 (57.0) . . 100% MASCC-AT »
al., 2016 cancer session, lasting for 7 days. treatment delayed vomiting, and
allievated degree of delayed
nausea.
Arakawa,
(57.7+12.4)/(56. Mixed Twice a day, 25 minutes per 72 hours after PMR reduced the scores of
etal, Japan 60 (30/30) 20/10 16/14 . . 85.8% INV-2 . N
1997 5+10.5) tumors session, lasting for 72 hours. treatment nausea but did not vomiting.
Arakawa, . Twice a day, 15 minutes per
(57.5+15.2)/(48. Mixed . . PMR decreased the frequency
etal., Japan 8 (4/4) 3/1 1/3 session, duration of the whole n.r 98% MANE
8+18.9) tumors . K of posttreatment.
1995 intervention was unclear.
Lasting for full duration of
Song, et . 25-70 Breast chemotherapy, frequency and After PMR reduced the incidence of
China 100 (50/50) All were femal . . nr RSS
al., 2013 (43.6£12.7) cancer duration of per session were chemotherapy nausea.
unclear.
CG, control group; IG, intervention group; CTCAE, Common Terminology Criteria for Adverse Events; MASCC-AT, Multinational Association of Supportive Care in Cancer Antiemesis Tool; INV-2, Rhodes Index
of Nausea and Vomiting-Form 2; MANE, Morrow of Nausea and Emesis; RSS, Rotterdam Symptom Scale. n.r. not reported.
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105  2.4. Qualitative summaries of all ieligible studies

106 In 1995, Arakawa and colleagues performed a pilot trial, in which 8 patients with various

107  primary tumors were entered, to examine the effects of PMR on CINV [12]. Patients in control

108  group were assigned to receive standard treatment, and patients assigned in intervention group
109  were instructed to practice PMR program twice a day, which includes tense/release of 16 muscle
110  groups and deep breathing (for a total of 15 minutes), however duration of the whole intervention
111  was not introduced clearly. Researchers assessed CINV before and after chemotherapy with the
112 MANE tool. After completed this study, an average adherence rate of 98% was reported. This study
113  indicated that the PMR program decreased the frequency and duration of chemotherapy induced
114  nausea, however did not affect chemotherapy related vomiting.

115 Arakawa and colleagues, in 1997, performed another study to further examine the effects of
116  PMR program on nausea and vomiting in cancer patients receiving chemotherapy [13]. In this

117  study, 60 Japanese patients with mixed tumors who were hospitalized in a cancer centre receiving
118  chemotherapy were recruited and further assigned randomly to PMR and control groups. Patients
119  in the intervention group were asked to exercise PMR program twice a day for 72 hours, and

120  patients in the control group received route nursing care in order to obtain the equal placebo effect
121  to the intervention group. Anticipated outcome was evaluated using the Rhodes Index of Nausea
122 and Vomiting—Form 2 (INV-2) one week before initiation of their initial course and 72 hours after
123 receiving the standard chemotherapy treatment. This study reported an average adherence rate of
124 85.8%. Although the total scores of INV-2 used to measure nausea and vomiting were considerably
125  reduced, subscale analyses indicated that vomiting was not significantly decreased, possibly due to
126  the extremely low incidence in both groups.

127 In 2013, Song and colleagues [16] investigate the potential of PMR in managing nausea and
128  vomiting related to chemotherapy through performing a randomized controlled trial, in which 100
129  patients with breast cancer who were treated with chemotherapy were enrolled. Eligible patients
130  were allocated to the PMR program group and control group according to the order of admission.
131  This study used the Rotterdam Symptom Scale (RSS) to record chemotherapy-related symptoms, in
132 which nausea was also evaluated. Unfortunately, the adherence rate was not listed in this study.
133  Finally, researchers found that the score of nausea was significantly reduced in the PMR program
134  group after exercising this technique.

135 In 2016, Luo and colleagues [15] carried out a randomized controlled trial to test the effect of
136  PMR on nausea and vomiting related to chemotherapy. In this trial, a total of 72 lung cancer

137  patients were divided equally into PMR program and control groups acting in accordance with a
138  random number table. Patients in the control group were intravenously injected with tostron or
139  palonosetron in order to prevent CINV at 30 min before carrying out chemotherapy. Patients
140  assigned to the PMR group were instructed to exercise PMR program once a day for 7 days,

141  however duration of the entire intervention was not reported clearly. CINV was measured with the
142 Multinational Association of Supportive Care in Cancer Antiemesis (MASCC) tool 7 days after
143 receiving chemotherapy. All patients completed this study. Results suggested that PMR program
144 significantly decreased the number of acute vomiting, the frequency and number of delayed

145  vomiting and level of delayed nausea.

146 Zhang and colleagues [17] performed a trial enrolling 50 patients with lung cancer to examine
147  the effect of PMR intervention on nausea and vomiting resulted from chemotherapy in 2017. In each
148  group, 25 patients were deemed to receive corresponding regime. Patients in the control group

149  were treated using route nursing care, and patients in the intervention group were treated with

150  PMR program once a day for 3 weeks. Nausea and vomiting were recorded using the Common

151  Terminology Criteria for Adverse Events (CTCAE) tool which divided nausea and vomiting into
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152 five degrees and higher degree indicates a higher level of adverse effect. During the entire study, all
153  patients completed corresponding intervention regimes. Three weeks after intervention, authors
154  compared the incidence of nausea and vomiting between control and intervention groups. Finally,
155  results suggested that the incidence of nausea and vomiting in PMR program group was less than
156  that in control group (16% vs. 44%), with significant difference.

157 In 2019, Li and colleagues [14] recruited 68 breast cancer patients underwent chemotherapy to
158  explore the effect of PMR exercise on nausea and vomiting related to chemotherapy. Eligible

159  patients were randomly assigned into the control and intervention groups based on a random

160  number table. Patients in the control group were intravenously injected with tropisetron and

161  dexamethasone for prophylactic antiemetic, and patients in the intervention group were arranged
162  to complete PMR exercise twice a day for 4 days. The Multinational Association of Supportive Care
163  in Cancer Antiemesis (MASCC) tool was used to assess the nausea and vomiting at 24 hours and 4
164  days after chemotherapy. All eligible patients adhered to the corresponding to the regime during
165  the entire study. Finally, this study indicated that PMR exercise decreased the incidence and

166  frequency of delayed vomiting and relived the degree of delayed nausea, with significantly

167  different.

168 3. Discussion

169 Cancer has become the major cause of causing mortality and morbidity worldwide [1]. Although
170  chemotherapy is universally acknowledged being associated with prolonged survival time and
171  improved quality of life, it will cause several of toxic effects especially nausea and vomiting [7].
172  Patients will experience distressing nausea and vomiting when initiation of chemotherapy stimulates
173  emetic center through triggering various neurologic pathways [8], especially stimulation of the
174 chemoreceptor trigger zone (CTZ) [22]; other inputs to the vomiting center play a lesser role [23].
175 Efforts have been made to develop pharmacological interventions in order to effectively control
176  or alleviate nausea and vomiting caused by chemotherapy among cancer patients, however
177  approximately 60% of patients who were prophylactically treated with antiemetics continue to suffer
178  from nausea[24]. So, attention on chemotherapy induced nausea and vomiting has been changed
179  from pharmacological interventions to non-pharmachological regimes [25], of which progressive
180  muscle relaxation (PMRT) is the most widely option [26]. The results of the present systematic review
181  indicated that several independent studies have reported a significant beneficial effect of PMR
182  training on the nausea and vomiting related to chemotherapy as measured by relevant tools.

183 To date, a few piecemeal studies reported the role of PMR training in preventing and treating
184  chemotherapy induced nausea and vomiting among cancer patients, however findings from most of
185  the studies consistently suggested that PMR has positive impact on this condition [2], which were
186  consistent with our findings. For example, Burish and Tope[27] performed a review to summarize
187  the applications of PMR in cancer patients, and drawn four key conclusions, of which two were
188  related to nausea and vomiting as following: (a) PMRT is effective in reducing toxic effects of
189  chemotherapy such as conditioned nausea and vomiting; and (b) if taught before the initiation of
190  chemotherapy, relaxation therapy including PMR exercise has the potential of preventing or
191  considerably delaying the onset of conditioned responses if it would be performed before initiating
192 chemotherapy regimes. Moreover, Morrow and colleagues [28] also found that progressive muscle
193  relaxation training effectively prevented and decreased the frequency of post-chemotherapy nausea
194  and vomiting. This finding also verified the effect of PMR training in preventing and relieving nausea
195  and vomiting related to chemotherapy. More importantly, Pelekasi and colleagues [18] carried out a
196  systematic review to comprehensively evaluate the value of PMR exercise as an adjunctive regime
197  for cancer patients receiving chemotherapy. In this systematic review, 3 of five included studies
198  which reported nausea and vomiting also generated a promising conclusion supporting positive
199  application of PMR in cancer patients underwent chemotherapy. In our systematic review, we added
200  three additional randomized controlled trials [14,15,17] with moderate quality to obtain similar

201 finding.
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202 Although the sample size of individual study included in the present systematic review was
203  varied from one to other, all studies generated consistent conclusion of supporting the value of PMR
204  exercise. And thus, we strongly believe that this difference of these studies will not impair the
205  reliability of our findings. Moreover, despite the fact that three additional studies added to our
206  systematic review were performed in China, the quality of each study was rated to be a moderate
207  level. We also found that, in the present systematic review, five measurement tools were adopted to
208  record outcome, and the psychometric characteristics of some tools were not tested. It is important to
209  note that, however, these studies found the same results through the application of different
210  measurement tools, and consequently, the internal validity of our systematic review would be
211  enhanced [29].

212 Certainly, other aspects may have impact on the reliability and validity of our findings should
213  be discussed. Firstly, we noted that, in the present systematic review, included studies only
214 considered breast cancer[14,16], lung cancer[15,17] and mixed tumors[12,13], Thus, it is essential to
215  design further studies enrolling patients with different primary tumors in order to increase the
216  generalizability of the study results on patients with other types of cancer. Secondly, all included
217  studies in the present systematic review were carried out in Asian countries, which downgraded the
218  external validity of our findings. Thirdly, although all included studies instructed patients assigned
219  to the intervention group to practice PMR training, the details of each program were different
220  especially timeframe of each session and duration of the whole intervention. So, we strongly
221  suggested to standard the contents and timeframe of PMR training program [29]. Forthly, we
222  captured additional three studies with relatively high quality through searching Chinese databases,
223  however three studies analyzed in published systematic review were low quality. After carefully
224 reviewing the details of risk of bias of these three studies, we found that many factors caused high
225  risk of bias was method of blinding investigators, participants and assessors and of generating a
226  random sequence. Hence, further study should address these issues for the purpose of increasing the
227  level of evidence.

228 4. Materials and Methods

229 We designed and performed this systematic review in accordance with the recommendations
230  suggested by the Cochrane Collaboration (CC) [19]. The preferred items for systematic review and
231  meta-analysis (PRISMA) statement were adopted to guide us to report all results [20]. Ethic approval
232  and informed consent were not required because we performed all statistical analyses and
233  summarized all evidence based on published data.

234 4.1 Selection criteria

235 Randomised controlled trials published in peer-reviewed academic journals, considering PMR
236  training program, enrolling cancer patients treated with chemotherapy were regarded as the inclusion
237  criteria. Studies combined PMR exercies with other regimes, such as image guided (IG) relaxation or
238  physical activity was excluded. Moreover, we excluded superiority trials because this design was
239  beyond the objective of our systematic review.

240 The inclusion and exclusion criteria evaluation were carried out by X.T. and W.-Q.C. All potential
241  conflicts regarding selection of studies were resolved by consulting a third senior investigator (W.-Q.C).

242 4.2 Identification of citations

243 A comprehensive search, which was completed by two independent investigators, was performed
244  in several databases including PubMed, Cochrane Controlled Register of Trial (CENTRAL),
245  Cumulative Index to Nursing and Allied Health Literature (CINAHL), China Biomedical Literature
246  database (CBM), China National Knowledge Infrastructure (CNKI), and Wanfang data. Search time
247  was limited from their inception to 30 May 2019. Moreover, we updated the search results per week.
248  We constructed search algorithm based on a combination of medical subject heading (MeSH) and text
249  words. The basic search string was the following: (Progressive Muscle Relaxation) AND (cancer OR
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250  oncology OR chemotherapy). All search algorithms were modified acting in accordance with the
251  unique characteristics of each database. We also hand checked the bibliographies of topic-related
252  reviews and eligible studies in order to incorporate any potential studies. We finished the search in
253  accordance with the principles listed in the PRISMA statement [20]. Finally, we used the EndNote to
254 store all captured items. The principle of consulting a third senior investigator was introduced to solve
255  any divergency of search.

256 4.3 Data extraction

257 In this systematic review, all essential data including leading author, publication year, country,
258  sample size, sex and age of patients, primary tumor, details of regimes, duration of follow-up, average
259  adherence rate, measurement tool for outcome, and main findings were extracted by two independent
260  investigators with a standard data extraction sheet. The corresponding author was contacted when
261  sufficient information cannot be obtained. Any divergency of data extraction were solved through
262  consulting a third senior investigator.

263 4.4 Quality assessment of eligible study

264 The quality of each eligible study was determined based on assessment result of the risk of bias,
265  which was appraised by using the Cochrane risk of bias assessment tool [21] from the following six
266 domains [19]: randomization, allocation, blind, incomplete data, selectively reported and other bias
267  sources. A study would be labeled as ‘low’, ‘unclear’, or ‘high’ risk of bias [15] according to the match
268  level between actual information and criteria. Any divergency at risk of bias were solved through a
269  third senior investigator. Finally, the overall quality of each study would be graded as minimal,
270  moderate or high according to the result of labelling of the risk of bias.

271 5. Conclusions

272 Independent trials with relatively good quality indicated that the PMR exercise is an efficient
273  option to decrease the nausea and vomiting caused by chemotherapy. However, a major limitation
274 in the present systematic review is that all included studies were performed in Asian countries, so
275  more studies should be developed in order to determine the value of PMR exercise in other
276 countries and regions. It must be noted that, moreover, all included studies in our systematic
277  review were insufficient, so study with large scale should be designed when one expects to
278  investigate the role of PMR exercise in further primary tumours.
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