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36 ABSTRACT

37

38 Introduction: As a consequence of ovarian cancer and its treatment, many women with ovarian cancer 

39 have to deal with fatigue, reduced physical function and loss of weight and/or muscle mass, 

40 compromising quality of life. Exercise and dietary interventions can positively influence body 

41 composition, physical fitness and function and fatigue in patients with cancer. However, there is no data 

42 from randomised controlled trials on the effectiveness of exercise and dietary interventions in patients 

43 with ovarian cancer. Due to a complex disease trajectory, a relatively poor survival and distinct disease- 

44 and treatment-induced side effects, it is unclear whether exercise and dietary interventions that were 

45 shown feasible and effective in other types of cancer produce comparable results in patients with ovarian 

46 cancer. The aim of this paper is to present the design of the multicenter randomised controlled Physical 

47 Activity and Dietary intervention in OVArian cancer (PADOVA) trial and to describe how the exercise 

48 and dietary intervention is tailored to specific comorbidities, and disease- and treatment induced adverse 

49 effects in patients with ovarian cancer.

50 Methods and analysis: Adult women with primary epithelial ovarian cancer who are scheduled to 

51 undergo first-line (neo)adjuvant chemotherapy are randomly allocated to a combined exercise and 

52 dietary intervention or a usual care control group during chemotherapy. Primary outcomes are body 

53 composition, physical function and fatigue. Outcome measures will be assessed before the start of 

54 chemotherapy, three weeks after completion of chemotherapy and 12 weeks later. The exercise and 

55 dietary intervention was tailored to ovarian cancer specific comorbidities and adverse effects of ovarian 

56 cancer and its treatment following the i3-S strategy. 

57 Ethics and dissemination: This study has been approved by the medical ethical committee of the 

58 Amsterdam UMC (reference: 018). Results of the study will be published in international peer-reviewed 

59 journals. 

60 Trial registration number: Netherlands Trial register (NTR6300)

61

62 Strengths and limitations of this study

63  This is a randomised controlled trial in a relatively large group of women with ovarian cancer.

64  Systematic development of the exercise and dietary intervention will improve compliance to the 

65 intervention and prevent drop out.
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66  This study will significantly contribute to the scientific evidence on the benefits of exercise and 

67 dietary support in an understudied group of patients.

68  This study offers a combined exercise and dietary intervention and therefore the effects of an 

69 exercise or dietary intervention alone cannot be disentangled. 

70  There long-term effectiveness of the intervention may be diluted because the usual care group 

71 will be offered physical activity and dietary counselling after completion of chemotherapy 

72 treatment.

73

74 INTRODUCTION

75 Ovarian cancer is the seventh most common type of cancer worldwide, with 239.000 new cases 

76 annually.[1] Ovarian cancer is often diagnosed at an advanced International Federation of Gynaecology 

77 and Obstetrics (FIGO) stage resulting in a poor overall prognosis.[2] The overall 5-year survival rate for 

78 ovarian cancer is 30-40%, but ranges from 92% in patients with FIGO stage I at diagnosis to 29% in 

79 patients with FIGO stage IV.[2] 

80 The majority (90%) of malignant ovarian tumors are of epithelial origin.[2] Standard care for epithelial 

81 ovarian cancer includes cytoreductive surgery and platinum- and taxane-based (neo)adjuvant 

82 chemotherapy.[3,4] As a consequence of ovarian cancer and its treatment, many women have physical 

83 and/or psychosocial problems such as fatigue and reduced physical function, compromising quality of 

84 life.[5-14] Additionally, previous studies reported that half of the patients suffer from sarcopenia (i.e. loss 

85 of skeletal muscle mass) at diagnosis and that the prevalence increased during neoadjuvant 

86 chemotherapy.[9,10] Other studies reported that 24-57% were overweight and 10-35% obese.[9,10,15-

87 19] Independent from Body Mass Index (BMI), risk of malnutrition in patients with ovarian cancer is high. 

88 Studies reported that before start of and during treatment of ovarian cancer 44-67% of patients are 

89 malnourished.[20,21] Observational studies in women with ovarian cancer found that sarcopenia, 

90 overweight and obesity at diagnosis, as well as loss of body weight and muscle mass during treatment, 

91 and underweight after treatment were associated with a lower survival rate.[9-11,15-19,22] 

92 Observational studies among patients with cancer, not including ovarian cancer, have shown that higher 

93 levels of physical activity or physical fitness are associated with better survival.[23,24] Therefore, it may 

94 be important to prevent weight gain or involuntary weight loss, and maintain physical fitness and muscle 

95 mass during treatment. 
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96 Exercise and dietary interventions are both non-pharmacological interventions that can positively 

97 influence body composition, physical fitness and function and reduce fatigue in patients with cancer.[25-

98 29] A meta-analysis of intervention studies among the general population[30] as well as the International 

99 Society of Sports Nutrition[31] highlight that a combined exercise and dietary intervention is more 

100 effective for changing body composition than an exercise or dietary intervention alone. Most previous 

101 studies in patients with cancer were conducted in patients with breast cancer. It is unclear whether the 

102 effects of exercise and dietary interventions found in patients with breast cancer can be generalized to 

103 women with ovarian cancer. Compared with breast cancer, ovarian cancer is often detected in a more 

104 advanced stage[32] and in older women. Ovarian cancer also has a substantially different treatment 

105 trajectory, i.e. different type of chemotherapy and other adjuvant therapy regimens. A few previous pilot 

106 studies have indicated that low-to-moderate intensity exercise interventions[33,34] or a combined 

107 exercise and dietary intervention[35] during chemotherapy are feasible in women with ovarian cancer. 

108 To date, large randomised controlled trials evaluating the effect of an exercise and dietary intervention 

109 during treatment in patients with ovarian cancer are lacking. Therefore, the Physical Activity and Dietary 

110 intervention in OVArian cancer (PADOVA) study was initiated. The PADOVA study aims to evaluate the 

111 effectiveness of a combined moderate-to-high intensity exercise and dietary intervention during 

112 chemotherapy on body composition, physical function, and fatigue as primary outcomes, compared to 

113 an usual care control group in women undergoing chemotherapy for ovarian cancer. Secondary 

114 outcomes are physical activity and fitness, dietary intake, BMI, patients reported outcomes and 

115 treatment toxicity and completion rates. The secondary aim is to conduct an extensive process 

116 evaluation to examine how and why the intervention is (in)effective.

117 To optimize intervention feasibility and study retention rates, we aim to offer exercise and dietary 

118 interventions that are specifically tailored to the comorbidities, disease- and treatment induced adverse 

119 effects that individual patients with ovarian cancer may face. This paper presents the design of the 

120 multicenter randomised controlled PADOVA trial, and describes how the combined exercise and dietary 

121 intervention can be tailored specifically to patients with ovarian cancer.  

122

123 METHODS AND ANALYSIS

124 The PADOVA study is a multicenter, single blind, randomised controlled trial. This study is funded by 

125 Dutch Cancer Society (VU 2015-7950), sponsored by Amsterdam UMC and approved by the medical 
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126 ethical committee of Amsterdam UMC. Patient inclusion and data collection has started in February 

127 2018 and is currently ongoing. 

128

129 Participants

130 The study aims to include 122 adult (aged ≥ 18 years) women who are scheduled for (neo)adjuvant first-

131 line chemotherapy treatment for primary epithelial ovarian cancer. Patients are excluded from this study 

132 when they have had a prior cancer diagnosis within 5 years, are not able to perform basic activities of 

133 daily living, have a contraindication for exercise (e.g. heart failure), have a cognitive disorder or severe 

134 emotional instability (e.g. schizophrenia, Alzheimer), are unable to read and/or write Dutch or have a life 

135 expectancy of less than 3 months. Written informed consent is obtained from all patients prior to 

136 participation.

137

138 Recruitment and randomisation

139 Patients are recruited from the Center of Gynaecologic Oncology Amsterdam, which is a collaboration 

140 of all gynaecological oncologists in Amsterdam from Amsterdam UMC and the Netherlands Cancer 

141 Institute – Antoni van Leeuwenhoek. After baseline measurement, participants are stratified by FIGO 

142 stage (low (I/II) versus high (III/IV stage) and chemotherapy regimen (primary surgery followed by 

143 chemotherapy versus neoadjuvant chemotherapy followed by interval debulking and adjuvant 

144 chemotherapy) and randomly allocated to either a combined exercise and dietary intervention or a usual 

145 care group. An independent researcher performs the randomisation by using a table of random numbers 

146 in blocks of four generated by an independent statistician. Allocation sequence was concealed from the 

147 research and clinical staff. After randomisation, patients in both the intervention and the control group 

148 will receive a brochure on physical activity, diet and body weight recommendations for cancer 

149 survivors[36]. Patients who do not wish to participate in the study are invited to complete a single 

150 questionnaire examining relevant characteristics and reasons for declining participation to verify 

151 representatives of the study population. See Figure 1 for an overview of the study design and 

152 procedures.

153

154 Development and description of the combined exercise and dietary intervention

155 The aims of the exercise and dietary intervention are to maintain physical fitness and function, to prevent 
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156 the loss of lean body mass and to maintain a healthy body weight during (neo)adjuvant chemotherapy. 

157 The intervention starts at the first cycle of chemotherapy and continues until three weeks after the last 

158 cycle (duration of ±18 weeks).

159 For optimal intervention feasibility and study retention rates it is important to offer an exercise and dietary 

160 intervention in the PADOVA study which is specifically tailored to patients with ovarian cancer. The 

161 exercise intervention was based on the exercise intervention that has previously been shown to 

162 effectively maintain physical fitness, limit fatigue and enhance quality of life during chemotherapy in 

163 patients with breast cancer.[28] The dietary intervention was based on Dutch and international 

164 guidelines on general nutritional support for patients with cancer and nutritional support for malnourished 

165 patients or patients with ovarian cancer.[37-41] These interventions were tailored via the I3-s strategy 

166 to ovarian cancer specific comorbidities, adverse effects of ovarian cancer (e.g. ascites) and its surgical 

167 and chemotherapy treatment. The I3-S strategy was introduced in 2015 by Dekker et al.[42] to develop 

168 comorbidity-related adaptations to exercise therapy, and has previously been used to tailor exercise 

169 interventions to potential comorbidities and adverse effects of breast cancer treatment[43] and patients 

170 with knee osteoarthritis.[44] 

171 The I3-S strategy consists of four steps, via which relevant information on the specific disease is 

172 collected. In the first step, information on comorbidities that occur in patients with ovarian cancer was 

173 gathered. All registered comorbidities of patients (n=109) who were treated for ovarian cancer in 2016 

174 in the Amsterdam UMC were collected from patients records. Comorbidities were categorized according 

175 to International Classification of Diseases, 10th revision[45] (see Table 1 for an overview of all 

176 comorbidities). 

177

Page 8 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

8

178 Table 1: Comorbidities in patients with ovarian cancer (N=109) 

Comorbidity % 

Hypertensive diseases (i.e. hypertension) 28

Ischaemic heart diseases (i.e. angina pectoris, myocardial infarction (>6 months), percutaneous 

transluminal coronary angioplasty, coronary artery bypass grafting) 

6

Other forms of heart disease (i.e. atrial fibrillation and flutter, other cardiac arrhythmias, heart failure, other 

forms of heart disease not specified)

9

Cerebrovascular diseases (i.e. stroke, not specified as haemorrhage or infarction) 4

Diseases of arteries, arterioles and capillaries (i.e. aortic aneurysm, peripheral vascular diseases) 3

Diseases of veins, lymphatic vessels and lymph nodes, not elsewhere classified (i.e. phlebitis and 

thrombophlebitis)

1

Chronic lower respiratory diseases (i.e. chronic obstructive pulmonary disease, asthma) 16

Diabetes Mellitus (unspecified) 8

Disorders of thyroid gland (i.e. hypothyroidism/hyperthyroidism) 6

Disorders of other endocrine glands (i.e. hypoparathyroidism/hyperparathyroidism) 1

Episodic and paroxysmal disorders (i.e. transient ischaemic attack) 1

Other disorders of the nervous system (unspecified) 1 1

Dementia in other diseases classified elsewhere (i.e. dementia in Parkinson disease) 1

Diseases of liver (unspecified) 1

Disorders of gallbladder, biliary tract and pancreas (i.e. cholelithiasis) 5

Renal failure (unspecified) 1

Soft tissue disorders (i.e. rheumatism, unspecified) 2

Tuberculosis 1

Malignant neoplasms (excl. basal cell carcinoma) 7
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179 Comorbidities with a prevalence of ≥5% were included in steps 2-4 of the I3-S strategy. In addition to 

180 comorbidities, the potential adverse effects of ovarian cancer and its treatment were added to the 

181 inventory. These adverse effects were derived from the literature[46], guidelines[47,48] and expert 

182 meetings with (gynaecologic) oncologists. We included the adverse effects (incidence of ≥1%) of 

183 carboplatin and paclitaxel as these are currently the standard chemotherapy treatments of ovarian 

184 cancer.[4] In addition, we included all potential adverse effects of surgery and ovarian cancer itself. We 

185 focused on potential adverse effects relevant for health-care providers delivering the exercise or dietary 

186 interventions. As a consequences, we excluded descriptions of acute adverse effects of chemotherapy 

187 monitored by the treating physicians during admission to the hospital. Additionally, we checked overlap 

188 of comorbidities and adverse effects of ovarian cancer and its treatment with previously published I3-S 

189 papers for knee osteoarthritis[44] and breast cancer[43] or nutritional guidelines.[37-39,41] The following 

190 comorbidities (i.e. hypertensive diseases, ischaemic heart diseases, other forms of heart disease, 

191 chronic lower respiratory diseases, Diabetes Mellitus), and adverse effects (clinical parameters such as 

192 leukopenia/neutropenia, trombopenia, anemia; and symptoms of dyspnea, nausea, vomiting or 

193 diarrhea, skin and nail changes, fever, dizziness, decreased or increased heart rate, change in body 

194 weight, depression, numbness/loss of sensation, hearing and/or visual impairments, fatigue, pain and 

195 chest pain) were described in previous publications[43,44] or nutritional guidelines[37-39,41] and will 

196 not be included in this paper. 

197 In the second and third step, contraindications and restrictions on exercise training were gathered as 

198 well as solutions for the exercise training in ovarian cancer specific comorbidities, adverse effects of 

199 ovarian cancer and its treatment. This was based on literature[42-44,49], guidelines[38] and/or expert 

200 opinions of (gynaecologic) oncologists, physical therapists specialized in oncology. 

201 In the final step, comorbidities, adverse effects of ovarian cancer and its treatment, but also 

202 contraindications and restrictions were translated to clinical parameters and symptoms that can be 

203 monitored during the intervention of the PADOVA study. All information was synthesized in a framework 

204 (Table 2).

205
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207 Table 2: framework with alternations for the exercise and dietary intervention

Comorbidities, adverse effects 
ovarian cancer or treatment

Considerations Actions/strategy

Comorbidities
Disorders of thyroid gland (i.e. 
hypothyroidism/hyperthyroidism)

Consider the following complications of disorders of 
thyroid gland:
 Weight loss or weight gain

 Bradycardia in hypothyroidism or tachycardia in 
hyperthyroidism

 Low energy/fatigue in hypothyroidism

 Refer to dietitian when weight loss/-gain occurs

 Explain to patient brady-/tachycardia due to hypo-/hyperthyroidism
 Monitor symptoms: in case of persistent co-existing symptoms 

(dyspnea, anxiety, fatigue): terminate exercise and refer to physician
 Explain to patient fatigue due to hypothyroidism
 Refer to physician when fatigue does not reduce in a few weeks

Disorders of gallbladder, biliary 
tract and pancreas (i.e. 
cholelithiasis)

 Monitor symptoms and in case of persistent pain: terminate exercise and 
refer to physician

Malignant neoplasms (excl. basal 
cell carcinoma) 1 

Consider comorbidities and adverse effects of the 
malignant neoplasm that might interfere with the 
intervention

Adverse effects ovarian cancer
Ascites (60%) Consider the following complications of ascites:

 Discomfort 
 Pleural effusion and/or shortness in breath

 Diminished nutritional intake

 Adjust exercise to a comfortable intensity or posture
 In case of disproportional dyspnea: terminate exercise session and refer 

to physician
 Refer to dietitian

Adverse effects of chemotherapy and surgery
Abdominal wound

Consider the following complications of an abdominal 
wound:

 In the post-operative period (4-6 weeks) exercise is allowed, but 
pressure on the abdomen should be avoided therefore the ‘abdominal 
crunch’ and ‘pullover’ could be replaced with a ‘lateral raise’ and ‘leg 
extension’

 After 4-6 weeks isometric exercises could be replaced by eccentric 
exercises

 Monitor symptoms: in case of pain or discomfort decrease training 
intensity or resistance
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 Fever >38.5 degrees Celsius due to wound 
infection  Contra-indication for exercise, refer to physician

Intestinal stoma 

Consider the following complications of an intestinal 
stoma
 High output stoma (production of >1 liter per 24 

hour during ≥ 3 days)

 See recommendation under ‘abdominal wound’
 Avoid contact sport (e.g. football or martial arts)

 Contra-indication for exercise, refer to physician and/or dietitian 

(Risk of) lymphedema in legs

Consider the following complications of lymphedema 
in legs:
 Numbness/loss of sensation

 Monitor leg volume during exercise program; ask for symptoms of 
lymphedema

 Refer to lymphedema specialist when lymphedema is present, or when 
leg volumes increases and symptoms arise (advice on how to progress 
with exercise)

 Be careful with exercises that include walking, running or balance to 
prevent falls

 Advise patient to wear good fitting, stable footwear with good grip under 
surface

Deep vein thrombosis (in leg)  Contra-indication for exercise, refer to a physician when the following 
symptoms occur: pain in the leg, red or discolored skin, or a feeling of 
warmth

Thrombophlebitis  Avoid pressure or impact on affected area
 Monitor symptoms and in case of pain or discomfort decrease training 

intensity or resistance

Nervousness/confusion
Consider the following cause of 
nervousness/confusion
 Sever anxiety or a psychiatric disorder

 Give the patient time to discuss feelings or thoughts

 Contra-indication for exercise, refer to a physician when a serious 
psychiatric disorder might be present

Gastro-intestinal symptoms (i.e. 
anorexia, dyspepsia, constipation, 
taste disorder, dry mouth, mouth 
ulcers, stomatitis)

Consider the following complications of gastro-
intestinal symptoms:
 Diminished nutritional intake  Refer to dietitian and/or physician

Melaena  Contra-indication for exercise, refer to a physician
208 1 Patients with a current other malignancy or prior diagnosis (within 5 years) of cancer were excluded from participation in the PADOVA study
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209 Exercise intervention

210 The exercise intervention consists of two one-hour exercise sessions per week including moderate-to-

211 high intensity resistance and aerobic exercises. The exercise sessions are supervised by a physical 

212 therapist specifically trained in treating oncology patients.

213 The sessions start with a warming up of 10 minutes. Resistance exercises targeting six large muscle 

214 groups are conducted for 20 minutes per session, with two series of eight repetitions at 70-80% 

215 (gradually increasing per week in between one repetition maximum testing) of the one repetition 

216 maximum. Prescribed exercises include vertical row, leg press, bench press, pull over, abdominal 

217 crunch and lunge. However, due to the abdominal wound in the post-operative period (4-6 weeks) 

218 patients are not allowed to perform eccentric exercises with the abdominal muscles. Additionally, 

219 patients are not allowed to put pressure on the abdomen and should therefore avoid heavy lifting and 

220 exercises such as the abdominal crunch and pullover. Exercises with an isometric use of the abdominal 

221 muscles such as a lateral raise or leg extensions, are an alternative. An overview of all adaptations for 

222 patients with ovarian cancer are shown is Table 2. One repetition maximum testing will be repeated 

223 every three weeks to ensure adequate training intensity. Aerobic exercises are conducted for 30 minutes 

224 per session, with an intensity of 50-80% of the maximal work load as estimated by the steep ramp 

225 test[50] and if needed adjusted if the Borg Scale of perceived exertion decreases to a score of 12 or 

226 lower or increases to a score of 16 or higher.[51] In addition to the supervised sessions, patients are 

227 encouraged to be physically active on at least three additional days a week for 30 minutes to meet the 

228 recommended physical activity levels.[40] 

229 Dietary intervention

230 The dietary intervention is based on the dietary guideline set by the World Cancer Research Fund 

231 (WCRF)/American Institute for Cancer Research (AICR)[40] and an sufficient total protein intake of at 

232 least 1.2 grams of protein per kg body weight per day[41,52] and 25 grams of protein per meal, since 

233 such evenly distributed protein intake is expected to optimize muscle protein synthesis.[53] The 

234 intervention is provided by experienced oncology dietitians once every three weeks during face-to-face 

235 sessions of 30-45 minutes each at the hospital or by telephone using motivational interviewing 

236 techniques.[54] During the first session, patients will receive feedback on their body weight, Body Mass 

237 Index (BMI), body composition assessed via bio-electric impedance analysis (BIA), diet quality, and on 

238 the extent to which they meet the protein goals and WCRF/AICR dietary recommendations. Counselling 
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239 is tailored to the nutritional needs of each individual patient according to body composition, nutritional 

240 status and dietary intake during chemotherapy. Patients who are (at risk of) malnutrition are primarily 

241 counselled for prevention of weight loss by maintaining sufficient caloric intake, particularly protein 

242 intake. Patients who are not at risk of developing malnutrition are primarily counselled to meet the dietary 

243 guidelines set by the WCRF/AICR.

244

245 Control group

246 Women in the control group will receive usual care during chemotherapy, which does not include 

247 structured exercise and/or dietary counselling. They are offered a maximum of three exercise and three 

248 dietary counselling sessions in twelve weeks after completion of chemotherapy.

249

250 Outcome measurements

251 An investigator blinded from group allocation conducts measurements at three time points. Participants 

252 are instructed not to reveal their group allocation. Baseline measurements are conducted before 

253 randomisation and the start of chemotherapy (T0), the second measurement three weeks after 

254 completion of chemotherapy (T1) and the last measurement (T2) twelve weeks later. An overview of all 

255 outcome measurements is presented in Table 3. 

256 Table 3: Summary of outcome measurements

Outcome Instrument T0 T1 T2

Primary outcomes

Body composition Computed tomography imaging for the assessment of skeletal 

muscle area

X X

Bio-electric impedance analysis for the assessment of fat mass X X X

Physical fatigue Multidimensional Fatigue Inventory[1] X X X

Physical function European Organisation Research and Treatment of Cancer-Quality 

of life questionnaire-Core 30[2]

X X X

Secondary outcomes

Physical activity Accelerometer (Actigraph) for objective measurement of physical 

activity in seven consecutive days during all waking hours

X X X

Physical Activity Scale for the Elderly[3] for self-reported levels of 

physical activity

X X X

Physical fitness Maximum oxygen uptake (peak VO2) during a maximum exercise 

test on a cycle ergometer using a ramp protocol for the assessment 

of cardiorespiratory fitness

X X X

Hand held dynamometer for the assessment of muscle strength X X X
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Body Mass Index Body height on a calibrated scale to the nearest 0.1 mm X X X

Body weight on a calibrated scale to the nearest 0.1 kg X X X

Dietary intake; 

WCRF/AICR guidelines

Food frequency questionnaire (developed by Wageningen 

University)

X X X

Dietary intake; protein 

intake

Self-composed food frequency questionnaire X X X

European Organisation Research and Treatment of Cancer-Quality 

of life questionnaire – Ovarian cancer (OV28)[4]

X X X

European Organisation Research and Treatment of Cancer-Quality 

of life questionnaire - Chemotherapy-induced peripheral 

neuropathy (CIPN20)[5]

X X X

Hospital Anxiety and Depression Scale[6] X X X

Health-related quality of 

life and symptoms

Pittsburgh Sleep Quality Index[7] X X X

Chemotherapy therapy 

completion rates and 

treatment toxicity

Medical records of which chemotherapy completion rates will be 

assesses as the relative dose intensity, i.e., the amount of particular 

chemotherapy given in relation to the originally planned 

chemotherapy dose. 

X

Other study parameters

Blood sampling Venous blood sample (40 ml) X X

Smoking and 

sociodemographics 

Self-composed questionnaire X

Contamination of control 

group1

Self-composed questionnaire X

257 1 Parameter will only be assessed in the control group

258  

259 Primary outcomes

260 Primary outcomes are body composition, physical function and fatigue. Body composition is assessed 

261 via skeletal muscle area and fat mass. Skeletal muscle area is assessed at T0 and T1 using routine 

262 computed tomography (CT) imaging (first image extending from the third lumbar vertebra to iliac crest) 

263 conducted for diagnostic purposes. CT is considered the gold standard for assessment of muscle mass 

264 in cancer patients.[55] Because the CT of the third lumbar vertebra is not yet validated for the 

265 assessment of body fat mass,[56] fat mass is assessed with a non-invasive measurement BIA.[57] 

266 Physical function is assessed using the physical function subscale of the validated European 

267 Organisation Research and Treatment of Cancer-Quality of life questionnaire-Core 30 (EORTC QLQ-

268 C30).[58] Physical fatigue is assessed with the physical fatigue subscale of the Multidimensional Fatigue 

269 Inventory (MFI).[59]

270

271 Secondary outcomes

Page 15 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

15

272 Secondary outcomes are physical activity, physical fitness (i.e. cardiorespiratory fitness and muscle 

273 strength), dietary intake, BMI, health-related quality of life and symptoms of neuropathy, anxiety and 

274 depression, sleep disturbances, chemotherapy treatment toxicity and completion rates. The 

275 measurement instruments for the assessment of the secondary outcomes are presented in Table 3.

276 Other study parameters

277 In addition, during the visit on T0 and T1, a venous blood sample is drawn and stored in a biobank for 

278 future biomarker studies. Covariates such as clinical data (e.g. cancer subtype, FIGO stage) and 

279 sociodemographic characteristics (e.g. age, ethnicity) are assessed at baseline. Contamination (i.e. 

280 received supervised exercise and/or dietary counselling) of the control group is assessed by a 

281 questionnaire at T1.

282

283 Process evaluation

284 An extensive process evaluation is conducted using a mixed-method approach (using both quantitative 

285 and qualitative research methods). Quantitative data on behavioral counselling skills of dietitians will be 

286 assessed during counselling sessions with the Behavior Change Counselling Inventory (BECCI).[60] In 

287 patients in the intervention group, the Health Care Climate Questionnaire (HCCQ) will additionally be 

288 used to assess the extent to which an autonomy supportive environment was perceived during 

289 counseling.[61] Quantitative data on potential mediating effects of behavioral determinants of physical 

290 activity and dietary behavior (i.e. outcome expectations, self-efficacy for eating and exercise habits, 

291 sociostructural factors, stage of change, type of motivation and knowledge) are assessed on T0, T1 and 

292 T2 by questionnaires in all patients. The following process evaluation components are examined by 

293 physical therapists and dietitians and involved in the exercise or dietary intervention via a report form: 

294 dose delivered, dose received and fidelity. Acceptability of the intervention is assessed by a 

295 questionnaire in patients and a semi-structured interview in patients, physical therapists and dietitians. 

296 The semi-structured interviews in patients and healthcare professionals are conducted by a researcher. 

297 Interviews will be transcribed verbatim, coded in several phases[62,63] and then analyzed with a 

298 qualitative data analysis program. Analyses are partly performed concurrently with data collection 

299 because the interviews will be held until data saturation is reached. An overview of all measurement 

300 instruments for the process evaluation is presented in Table 4.  

301
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302 Table 4: Overview of all measurement instruments for the process evaluation

Outcome Instrument T0 T1 T2

Process evaluation

Behavioral determinants Multidimensional Outcome Expectations for Exercise Scale[3] X X X

Self-efficacy for eating and exercise habits – self-composed items X X X

Sociostructural factors, self-composed items X X X

Stage of change[8] X X X

Type of motivation: Treatment Self-Regulation Questionnaire[9] X X X

Knowledge (on WCRF recommendations): Items used in previous 

study[10]

X X X

Acceptability of 

intervention

Self-composed items1 X

The Health Care Climate Questionnaire – short form (6 items)[11] X

Acceptability of 

intervention

Semi-structured interviews in healthcare professionals2 X1 X4

Semi-structured interviews in participants X1 X4

Dose delivered Checklist2 – Amount of (components of) sessions provided by 

physical therapist/dietitian

Daily, during 

intervention

Dose received Checklist2 – Amount of (components of) sessions participants 

actively engaged in

Daily, during 

intervention

Fidelity Checklist2 – Extend to which the intervention was executed as 

prescribed in the protocol

Daily, during 

intervention

Behavioral counselling 

skills3

Behavior Change Counselling Inventory[12] During 

intervention

303 1 Parameters will only be assessed in intervention group

304 2 Parameter will be examined in physical therapists and dietitians  
305 3 Parameter will be examined in dietitians

306 4 Parameter will only be assessed in the control group

307
308 Sample size calculation
309 Sample size calculation was based on the results of a previous RCT among patients with breast cancer 

310 that evaluated the effects of a combined aerobic and resistance exercise intervention (similar to the 

311 PADOVA study),[28] and a pilot study among patients with ovarian cancer that evaluated the feasibility 

312 of an exercise intervention.[34] With 53 patients per study-arm, we are able to detect a clinically relevant 

313 between group difference in effects directly post-intervention on physical function (10 points), physical 

314 fatigue (2.7 points), body composition (effect size 0.55 in percentage body fat), and 10-15% difference 

315 in peak oxygen uptake[64] (alpha=0.05; power= 0.80). Taking into account a dropout of 15%, we aim to 

316 include 61 patients per group.

317
318 Statistical analysis
319 The primary analysis focuses on the effects of the intervention directly after completion of chemotherapy 

320 (T1), since both the intervention and control group have received counselling from a physical therapist 
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321 and/or dietitian at follow-up (T2). Data will be analysed according to the intention-to-treat principle.

322 Intervention effects (at T1) will be assessed using linear regression analysis for continuous outcomes, 

323 by regressing the intervention on post-test value (T1) of the outcome, adjusting for baseline values (T0). 

324 To examine whether intervention effects on body composition, physical function or fatigue are mediated 

325 by changes in physical activity and fitness, and/or diet, a series of regression analysis according to the 

326 product-of-coefficients test will be conducted.[65] Potential effect modification by relevant demographic 

327 (e.g. age) and clinical (e.g. cancer stage, treatment regimen) variables will be explored by adding the 

328 variable and its interaction term with the intervention into the regression model.

329
330 DISCUSSION
331 This paper presents the rationale and design of the PADOVA study and the procedure of tailoring an 

332 exercise and dietary intervention to patients with ovarian cancer. The PADOVA study aims to examine 

333 the effectiveness of a combined exercise and dietary intervention on body composition, physical function 

334 and fatigue in patients with ovarian cancer during chemotherapy. Additionally, during the PADOVA 

335 study, an extensive process evaluation is conducted to examine the effective and ineffective 

336 components of the intervention. This large randomised controlled trial significantly contributes to the 

337 scientific evidence on the potential benefits of exercise and dietary support in an understudied group of 

338 patients with cancer who often face a complex and unfavourable disease trajectory.

339 A strength of this study is its randomized controlled design in a relatively large group of women with 

340 ovarian cancer and the systematic development of the exercise and dietary intervention by the I3-S 

341 strategy to ensure adequate tailoring of the intervention to this patient specific group. Because the 

342 intervention is adjusted to comorbidities, disease- and treatment induced effects, we expect compliance 

343 to the intervention to be high and drop out to be low. Another strength is the process evaluation because 

344 it retrieves information on how and why the intervention is (un)successful.[66] With this information the 

345 exercise and dietary intervention will be improved before the combined intervention is implemented in 

346 clinical practice. 

347 Aiming to maximize benefits on body composition, we combined an exercise and dietary intervention. 

348 Consequently, we are unable to disentangle the effects of the exercise and dietary intervention. 

349 However, we plan to perform a mediation analysis to explore whether the intervention effects on body 

350 composition can be explained by changes in exercise or dietary components. Another limitation of this 

351 study is its inability to study long-term effects of the intervention compared to the control group. In the 

352 PADOVA study, exercise and dietary counselling will be offered to the control group after the first follow 

353 up in order to prevent nonparticipation and dropout and to limit contamination (exercise and dietary 

354 intervention) in the control group during chemotherapy. Therefore we expect smaller differences 

355 between groups at follow-up (T2).

356 This study will contribute to the evidence on the benefits of an exercise and dietary intervention in 

357 patients with ovarian cancer. If proven effective, a combined exercise and dietary intervention for 

358 patients with ovarian cancer can be implemented in clinical practice.

359
360 Patient and public involvement
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361 Patients were involved in the development of study specific patient information and they were asked to 

362 assess the burden of time required to participate in this study. The opinion of patients has been 

363 considered to improve the readability of the patient information sheets on the study. During the study 

364 patients will be interviewed, as part of the process evaluation, to improve the intervention. This 

365 information could be important for implementation of the intervention in clinical practice. Study results 

366 will be presented to patients in collaboration with the patient community. 

367 Ethics and dissemination

368 This study has been approved by the medical ethical committee of the Amsterdam UMC (reference: 

369 018). Additional approval was obtained for the participating hospitals. The trial is registered in the 

370 Netherlands Trial Register. Signed informed consent is required of all included participants. Results of 

371 the study will be published in international peer-reviewed journals.
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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Section/item Item 
No

Description Addressed on 
page number

Administrative information

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym 1

2a Trial identifier and registry name. If not yet registered, name of intended registry 3Trial registration

2b All items from the World Health Organization Trial Registration Data Set N/A

Protocol version 3 Date and version identifier In MEC protocol

Funding 4 Sources and types of financial, material, and other support 18

5a Names, affiliations, and roles of protocol contributors 1, 18Roles and 
responsibilities

5b Name and contact information for the trial sponsor 1

5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and 
interpretation of data; writing of the report; and the decision to submit the report for publication, including 
whether they will have ultimate authority over any of these activities

18

5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint 
adjudication committee, data management team, and other individuals or groups overseeing the trial, if 
applicable (see Item 21a for data monitoring committee)

N/A
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Introduction

Background and 
rationale

6a Description of research question and justification for undertaking the trial, including summary of relevant 
studies (published and unpublished) examining benefits and harms for each intervention

4,5

6b Explanation for choice of comparators 4,5

Objectives 7 Specific objectives or hypotheses 4,5

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), 
allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory)

5,6

Methods: Participants, interventions, and outcomes

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will 
be collected. Reference to where list of study sites can be obtained

6

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and 
individuals who will perform the interventions (eg, surgeons, psychotherapists)

6

11a Interventions for each group with sufficient detail to allow replication, including how and when they will be 
administered

6-13

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose 
change in response to harms, participant request, or improving/worsening disease)

6-13

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence 
(eg, drug tablet return, laboratory tests)

6-15

Interventions

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial N/A

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood 
pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, 
median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen 
efficacy and harm outcomes is strongly recommended

13-16

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for 
participants. A schematic diagram is highly recommended (see Figure)

6-15, figure 1, 
table 3 and 4
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Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including 
clinical and statistical assumptions supporting any sample size calculations

16

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size In MEC protocol

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 
generation

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any 
factors for stratification. To reduce predictability of a random sequence, details of any planned restriction 
(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants 
or assign interventions

6

Allocation 
concealment 
mechanism

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, 
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned

6

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign participants to 
interventions

6

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 
assessors, data analysts), and how

13

17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s 
allocated intervention during the trial

N/A

Methods: Data collection, management, and analysis

Data collection 
methods

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 
processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of 
study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known. 
Reference to where data collection forms can be found, if not in the protocol

13-16

18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be 
collected for participants who discontinue or deviate from intervention protocols

13-16
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Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality 
(eg, double data entry; range checks for data values). Reference to where details of data management 
procedures can be found, if not in the protocol

16-17

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 
statistical analysis plan can be found, if not in the protocol

16-17

20b Methods for any additional analyses (eg, subgroup and adjusted analyses) 16-17

20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any 
statistical methods to handle missing data (eg, multiple imputation)

16-17

Methods: Monitoring

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of 
whether it is independent from the sponsor and competing interests; and reference to where further details 
about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not 
needed

Low risk study, 
therefore DMC is 
not needed

21b Description of any interim analyses and stopping guidelines, including who will have access to these interim 
results and make the final decision to terminate the trial

N/A

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 
events and other unintended effects of trial interventions or trial conduct

N/A

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent 
from investigators and the sponsor

N/A

Ethics and dissemination

Research ethics 
approval

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval 5-6

Protocol 
amendments

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, 
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals, 
regulators)

In MEC protocol
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Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and 
how (see Item 32)

In MEC protocol

26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary 
studies, if applicable

N/A

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained 
in order to protect confidentiality before, during, and after the trial

In MEC protocol 

Declaration of 
interests

28 Financial and other competing interests for principal investigators for the overall trial and each study site 18

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 
limit such access for investigators

In MEC protocol

Ancillary and post-
trial care

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial 
participation

In MEC protocol

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 
the public, and other relevant groups (eg, via publication, reporting in results databases, or other data 
sharing arrangements), including any publication restrictions

In MEC protocol

31b Authorship eligibility guidelines and any intended use of professional writers N/A

31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code N/A

Appendices

Informed consent 
materials

32 Model consent form and other related documentation given to participants and authorised surrogates In IRB approval

Biological 
specimens

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular 
analysis in the current trial and for future use in ancillary studies, if applicable

N/A

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. 
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons 
“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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36 ABSTRACT

37

38 Introduction: As a consequence of ovarian cancer and its treatment, many women with ovarian cancer 

39 have to deal with reduced physical function, fatigue and loss of weight and/or muscle mass, 

40 compromising quality of life. Exercise and dietary interventions can positively influence body 

41 composition, physical fitness and function and fatigue in patients with cancer. However, there is no data 

42 from randomised controlled trials on the effectiveness of exercise and dietary interventions in patients 

43 with ovarian cancer. Due to a complex disease trajectory, a relatively poor survival and distinct disease- 

44 and treatment-induced side effects, it is unclear whether exercise and dietary interventions that were 

45 shown feasible and effective in other types of cancer produce comparable results in patients with ovarian 

46 cancer. The aim of this paper is to present the design of the multicenter randomised controlled Physical 

47 Activity and Dietary intervention in OVArian cancer (PADOVA) trial and to describe how the exercise 

48 and dietary intervention is tailored to specific comorbidities, and disease- and treatment induced adverse 

49 effects in patients with ovarian cancer.

50 Methods and analysis: Adult women with primary epithelial ovarian cancer who are scheduled to 

51 undergo first-line (neo)adjuvant chemotherapy (n=122) are randomly allocated to a combined exercise 

52 and dietary intervention or a usual care control group during chemotherapy. Primary outcomes are body 

53 composition, physical function and fatigue. Outcome measures will be assessed before the start of 

54 chemotherapy, three weeks after completion of chemotherapy and 12 weeks later. The exercise and 

55 dietary intervention was tailored to ovarian cancer specific comorbidities and adverse effects of ovarian 

56 cancer and its treatment following the I3-S strategy. 

57 Ethics and dissemination: This study has been approved by the medical ethical committee of the 

58 Amsterdam UMC (reference: 018). Results of the study will be published in international peer-reviewed 

59 journals. 

60 Trial registration number: Netherlands Trial register (NTR6300)

61

62 Strengths and limitations of this study

63  This is a randomised controlled trial in women with ovarian cancer.

64  Systematic development and tailoring of the exercise and dietary intervention will improve 

65 compliance to the intervention and prevent drop out.
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66  This study will significantly contribute to the scientific evidence on the benefits of exercise and 

67 dietary support during chemotherapy in an understudied group of patients.

68  This study offers a combined exercise and dietary intervention and therefore the effects of an 

69 exercise or dietary intervention alone cannot be disentangled. 

70

71 INTRODUCTION

72 Ovarian cancer is the seventh most common type of cancer worldwide, with 239.000 new cases 

73 annually.[1] Ovarian cancer is often diagnosed at an advanced International Federation of Gynaecology 

74 and Obstetrics (FIGO) stage resulting in a poor overall prognosis.[2] Overall 5-year survival rate for 

75 ovarian cancer is 30-40%, but ranges from 92% in patients with FIGO stage I at diagnosis to 29% in 

76 patients with FIGO stage IV.[2] 

77 The majority (90%) of malignant ovarian tumors are of epithelial origin.[2] Standard care for epithelial 

78 ovarian cancer includes cytoreductive surgery and platinum- and taxane-based (neo)adjuvant 

79 chemotherapy.[3,4] As a consequence of ovarian cancer and its treatment, many women have physical 

80 and/or psychosocial problems such as reduced physical function and fatigue, compromising quality of 

81 life.[5-14] Additionally, previous studies reported that half of the patients suffer from sarcopenia (i.e. loss 

82 of skeletal muscle mass) or malnutrition at diagnosis and that the prevalence increased during 

83 neoadjuvant chemotherapy.[9,10,15,16] Independent from the presence of sarcopenia and malnutrition, 

84 studies reported that 24-57% of patients with ovarian cancer are overweight and 10-35% are 

85 obese.[9,10,17-21]

86 Observational studies in women with ovarian cancer found that sarcopenia, overweight and obesity at 

87 diagnosis, as well as loss of body weight and muscle mass during treatment, and underweight after 

88 treatment are associated with a lower survival rate.[9-11,17-22] Furthermore, observational studies 

89 among patients with cancer, not including ovarian cancer, have shown that higher levels of physical 

90 activity or physical fitness are associated with better survival.[23,24] Therefore, it may be important to 

91 prevent weight gain or involuntary weight loss, and maintain physical fitness and muscle mass during 

92 treatment. 

93 Exercise and dietary interventions are both non-pharmacological interventions that can positively 

94 influence body composition, physical fitness and function and reduce fatigue in patients with cancer.[25-

95 29] A meta-analysis of intervention studies among the general population[30] as well as the International 
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96 Society of Sports Nutrition[31] highlight that a combined exercise and dietary intervention is more 

97 effective for changing body composition than an exercise or dietary intervention alone. Most previous 

98 studies examining exercise or dietary interventions in patients with cancer were conducted in patients 

99 with breast cancer. It is unclear whether the effects of exercise and dietary interventions found in patients 

100 with breast cancer can be generalized to women with ovarian cancer. Compared with breast cancer, 

101 ovarian cancer is often detected in a more advanced stage[32] and in older women. Ovarian cancer also 

102 has a substantially different treatment trajectory, i.e. different type of chemotherapy and other adjuvant 

103 therapy regimens. A few previous pilot studies have indicated that low-to-moderate intensity exercise 

104 interventions[33,34] or a combined exercise and dietary intervention[35] during chemotherapy are 

105 feasible in women with ovarian cancer. Adequately powered randomised controlled trials (RCT) 

106 evaluating the effect of an exercise and dietary intervention during treatment in patients with ovarian 

107 cancer are lacking. Therefore, the Physical Activity and Dietary intervention in OVArian cancer 

108 (PADOVA) study was initiated. The PADOVA study aims to evaluate the effectiveness of a combined 

109 exercise and dietary intervention during chemotherapy on body composition, physical function, and 

110 fatigue as primary outcomes, compared to an usual care control group in women undergoing 

111 chemotherapy for ovarian cancer. Secondary outcomes are physical activity and fitness, dietary intake, 

112 Body Mass Index (BMI), patients reported outcomes and treatment toxicity and completion rates. The 

113 secondary aim is to conduct an extensive process evaluation to examine how and why the intervention 

114 is (in)effective.

115 To optimize intervention feasibility and study retention rates, we aim to offer exercise and dietary 

116 interventions that are specifically tailored to the comorbidities, disease- and treatment induced adverse 

117 effects that individual patients with ovarian cancer may face. This paper presents the design of the 

118 multicenter randomised controlled PADOVA trial, and describes how the combined exercise and dietary 

119 intervention can be tailored specifically to patients with ovarian cancer.  

120

121 METHODS AND ANALYSIS

122 The PADOVA study is a multicenter, single blind, randomised controlled trial. This study is funded by 

123 Dutch Cancer Society (VU 2015-7950), sponsored by Amsterdam UMC and approved by the medical 

124 ethical committee of Amsterdam UMC. Patient inclusion and data collection has started in February 

125 2018 and is currently ongoing. 
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126 Participants

127 The study aims to include 122 adult (aged ≥18 years) women who are scheduled for (neo)adjuvant 

128 first-line chemotherapy treatment for primary epithelial ovarian cancer. Patients are excluded from this 

129 study when they have had a prior cancer diagnosis within 5 years, are not able to perform basic 

130 activities of daily living, have a contraindication for exercise (e.g. heart failure), have a cognitive 

131 disorder or severe emotional instability (e.g. schizophrenia, Alzheimer), are unable to read and/or write 

132 Dutch or have a life expectancy of less than 3 months.  

133

134 Recruitment and randomisation

135 Patients are recruited from the Center of Gynaecologic Oncology Amsterdam (which is a collaboration 

136 of all gynaecological oncologists from Amsterdam UMC, Netherlands Cancer Institute – Antoni van 

137 Leeuwenhoek and affiliated peripheral hospitals) and Catharina hospital and its collaborating 

138 peripheral hospitals in the South of the Netherlands. After diagnosis and before the start of 

139 neoadjuvant chemotherapy (±2 weeks) or adjuvant chemotherapy (±4 weeks), the gynaecological 

140 oncologist informs patients about the PADOVA study during an out-patient clinic visit. Written informed 

141 consent is obtained from all patients prior to participation. After baseline measurement, participants 

142 are stratified by FIGO stage (low (I/II) versus high (III/IV stage) and chemotherapy regimen (primary 

143 surgery followed by chemotherapy versus neoadjuvant chemotherapy followed by interval debulking 

144 and adjuvant chemotherapy) and randomly allocated to either a combined exercise and dietary 

145 intervention or a usual care group. An independent researcher performs the randomisation by using a 

146 table of random numbers in blocks of four generated by an independent statistician. Allocation 

147 sequence is concealed from the research and clinical staff. After randomisation, patients in both the 

148 intervention and the control group receive a brochure with general information on physical activity, diet 

149 and body weight recommendations for cancer survivors.[36] These recommendations are not 

150 individualized, nor supervised. Patients who do not wish to participate in the study are invited to 

151 complete a single questionnaire examining relevant characteristics and reasons for declining 

152 participation to verify representativeness of the study population. See Figure 1 for an overview of the 

153 study design and procedures.

154 Development and description of the combined exercise and dietary intervention

155 The aims of the exercise and dietary intervention are to maintain physical fitness and function, to prevent 
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156 the loss of lean body mass and to maintain a healthy body weight during (neo)adjuvant chemotherapy. 

157 The intervention starts at the first cycle of chemotherapy and continues until three weeks after the last 

158 cycle. In general, patients receive six cycles of chemotherapy (duration of ±18 weeks). In case of dose 

159 delay or discontinuation of chemotherapy treatment, duration of the intervention and range of time 

160 between study measurements might differ between patients. For optimal intervention feasibility and 

161 study retention rates it is important to offer an exercise and dietary intervention in the PADOVA study 

162 which is specifically tailored to patients with ovarian cancer. The exercise intervention was based on the 

163 exercise intervention that has previously been shown to effectively maintain physical fitness, limit fatigue 

164 and enhance quality of life during chemotherapy in patients with breast cancer.[28] The dietary 

165 intervention was based on Dutch and international guidelines on general nutritional support for patients 

166 with cancer and nutritional support for malnourished patients or patients with ovarian cancer.[37-41] 

167 These interventions were tailored via the I3-s strategy to ovarian cancer specific comorbidities, adverse 

168 effects of ovarian cancer (e.g. ascites) and its surgical and chemotherapy treatment. The I3-S strategy 

169 was introduced in 2015 by Dekker et al.[42] to develop comorbidity-related adaptations to exercise 

170 therapy, and has previously been used to tailor exercise interventions to potential comorbidities and 

171 adverse effects of breast cancer treatment[43] and patients with knee osteoarthritis.[44] 

172 The I3-S strategy consists of four steps, via which relevant information on the specific disease is 

173 collected. In the first step, information on comorbidities that occur in patients with ovarian cancer was 

174 gathered. All registered comorbidities of patients (n=109) who were treated for ovarian cancer in 2016 

175 in the Amsterdam UMC were collected from patients records. Comorbidities were categorized according 

176 to International Classification of Diseases, 10th revision[45] (see Table 1 for an overview of all 

177 comorbidities). 

178
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179 Table 1: Comorbidities in patients with ovarian cancer (N=109) 

Comorbidity % 

Hypertensive diseases (i.e. hypertension) 28

Ischaemic heart diseases (i.e. angina pectoris, myocardial infarction (>6 months), percutaneous 

transluminal coronary angioplasty, coronary artery bypass grafting) 

6

Other forms of heart disease (i.e. atrial fibrillation and flutter, other cardiac arrhythmias, heart failure, other 

forms of heart disease not specified)

9

Cerebrovascular diseases (i.e. stroke, not specified as haemorrhage or infarction) 4

Diseases of arteries, arterioles and capillaries (i.e. aortic aneurysm, peripheral vascular diseases) 3

Diseases of veins, lymphatic vessels and lymph nodes, not elsewhere classified (i.e. phlebitis and 

thrombophlebitis)

1

Chronic lower respiratory diseases (i.e. chronic obstructive pulmonary disease, asthma) 16

Diabetes Mellitus (unspecified) 8

Disorders of thyroid gland (i.e. hypothyroidism/hyperthyroidism) 6

Disorders of other endocrine glands (i.e. hypoparathyroidism/hyperparathyroidism) 1

Episodic and paroxysmal disorders (i.e. transient ischaemic attack) 1

Other disorders of the nervous system (unspecified) 1 1

Dementia in other diseases classified elsewhere (i.e. dementia in Parkinson disease) 1

Diseases of liver (unspecified) 1

Disorders of gallbladder, biliary tract and pancreas (i.e. cholelithiasis) 5

Renal failure (unspecified) 1

Soft tissue disorders (i.e. rheumatism, unspecified) 2

Tuberculosis 1

Malignant neoplasms (excl. basal cell carcinoma) 7
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180 Comorbidities with a prevalence of ≥5% were included in steps 2-4 of the I3-S strategy. In addition to 

181 comorbidities, the potential adverse effects of ovarian cancer and its treatment were added to the 

182 inventory. These adverse effects were derived from the literature[46], guidelines[47,48] and expert 

183 meetings with (gynaecologic) oncologists. We included the adverse effects (incidence ≥1%) of 

184 carboplatin and paclitaxel as these are currently standard chemotherapy treatments of ovarian 

185 cancer.[4] In addition, we included all potential adverse effects of surgery and ovarian cancer itself. We 

186 focused on potential adverse effects relevant for health-care providers delivering the exercise or dietary 

187 interventions. As a consequence, we excluded descriptions of acute adverse effects of chemotherapy 

188 monitored by treating physicians during admission to the hospital. Additionally, we checked overlap of 

189 comorbidities and adverse effects of ovarian cancer and its treatment with previously published I3-S 

190 papers for knee osteoarthritis[44] and breast cancer[43] or nutritional guidelines.[37-39,41] The following 

191 comorbidities (i.e. hypertensive diseases, ischaemic heart diseases, other forms of heart disease, 

192 chronic lower respiratory diseases, Diabetes Mellitus), and adverse effects (clinical parameters such as 

193 leukopenia/neutropenia, trombopenia, anemia; and symptoms of dyspnea, nausea, vomiting or 

194 diarrhea, skin and nail changes, fever, dizziness, decreased or increased heart rate, change in body 

195 weight, depression, numbness/loss of sensation, hearing and/or visual impairments, fatigue, pain and 

196 chest pain) were described in previous publications[43,44] or nutritional guidelines[37-39,41] and are 

197 not presented in this paper. 

198 In the second and third step, contraindications and restrictions on exercise training were gathered as 

199 well as solutions for exercise training in ovarian cancer specific comorbidities, adverse effects of ovarian 

200 cancer and its treatment. This was based on literature[42-44,49], guidelines[38] and/or expert opinions 

201 of (gynaecologic) oncologists and physical therapists specialized in oncology. 

202 In the final step, comorbidities, adverse effects of ovarian cancer and its treatment, but also exercise 

203 contraindications and restrictions were translated to clinical parameters and symptoms that can be 

204 monitored during the intervention of the PADOVA study. All information was synthesized in a framework 

205 (Table 2).

206
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208 Table 2: framework with alternations for the exercise and dietary intervention

Comorbidities, adverse effects 
ovarian cancer or treatment

Considerations Actions/strategy

Comorbidities
Disorders of thyroid gland (i.e. 
hypothyroidism/hyperthyroidism)

Consider the following complications of disorders of 
thyroid gland:
 Weight loss or weight gain

 Bradycardia in hypothyroidism or tachycardia in 
hyperthyroidism

 Low energy/fatigue in hypothyroidism

 Refer to dietitian when weight loss/-gain occurs

 Explain to patient brady-/tachycardia due to hypo-/hyperthyroidism
 Monitor symptoms: in case of persistent co-existing symptoms 

(dyspnea, anxiety, fatigue): terminate exercise and refer to physician
 Explain to patient fatigue due to hypothyroidism
 Refer to physician when fatigue does not reduce in a few weeks

Disorders of gallbladder, biliary 
tract and pancreas (i.e. 
cholelithiasis)

 Monitor symptoms and in case of persistent pain: terminate exercise and 
refer to physician

Malignant neoplasms (excl. basal 
cell carcinoma) 1 

Consider comorbidities and adverse effects of the 
malignant neoplasm that might interfere with the 
intervention

Adverse effects ovarian cancer
Ascites (60%) Consider the following complications of ascites:

 Discomfort 
 Pleural effusion and/or shortness in breath

 Diminished nutritional intake

 Adjust exercise to a comfortable intensity or posture
 In case of disproportional dyspnea: terminate exercise session and refer 

to physician
 Refer to dietitian

Adverse effects of chemotherapy and surgery
Abdominal wound

Consider the following complications of an abdominal 
wound:

 In the post-operative period (4-6 weeks) exercise is allowed, but 
pressure on the abdomen should be avoided therefore the ‘abdominal 
crunch’ and ‘pullover’ could be replaced with a ‘lateral raise’ and ‘leg 
extension’

 After 4-6 weeks isometric exercises could be replaced by eccentric 
exercises

 Monitor symptoms: in case of pain or discomfort decrease training 
intensity or resistance
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 Fever >38.5 degrees Celsius due to wound 
infection  Contra-indication for exercise, refer to physician

Intestinal stoma 

Consider the following complications of an intestinal 
stoma
 High output stoma (production of >1 liter per 24 

hour during ≥ 3 days)

 See recommendation under ‘abdominal wound’
 Avoid contact sport (e.g. football or martial arts)

 Contra-indication for exercise, refer to physician and/or dietitian 

(Risk of) lymphedema in legs

Consider the following complications of lymphedema 
in legs:
 Numbness/loss of sensation

 Monitor leg volume during exercise program; ask for symptoms of 
lymphedema

 Refer to lymphedema specialist when lymphedema is present, or when 
leg volumes increases and symptoms arise (advice on how to progress 
with exercise)

 Be careful with exercises that include walking, running or balance to 
prevent falls

 Advise patient to wear good fitting, stable footwear with good grip under 
surface

Deep vein thrombosis (in leg)  Contra-indication for exercise, refer to a physician when the following 
symptoms occur: pain in the leg, red or discolored skin, or a feeling of 
warmth

Thrombophlebitis  Avoid pressure or impact on affected area
 Monitor symptoms and in case of pain or discomfort decrease training 

intensity or resistance

Nervousness/confusion
Consider the following cause of 
nervousness/confusion
 Sever anxiety or a psychiatric disorder

 Give the patient time to discuss feelings or thoughts

 Contra-indication for exercise, refer to a physician when a serious 
psychiatric disorder might be present

Gastro-intestinal symptoms (i.e. 
anorexia, dyspepsia, constipation, 
taste disorder, dry mouth, mouth 
ulcers, stomatitis)

Consider the following complications of gastro-
intestinal symptoms:
 Diminished nutritional intake  Refer to dietitian and/or physician

Melaena  Contra-indication for exercise, refer to a physician
209 1 Patients with a current other malignancy or prior diagnosis (within 5 years) of cancer were excluded from participation in the PADOVA study
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210 Exercise intervention

211 The exercise intervention consists of two one-hour exercise sessions per week including moderate-to-

212 high intensity resistance and aerobic exercises. The exercise sessions are supervised by a physical 

213 therapist specifically trained in treating oncology patients, to inform patients on and monitor appropriate 

214 and safe exercise strategies. These physical therapists are affiliated with a nation-wide network that 

215 includes >600 physical therapy practices. This enables to offer the intervention close to a patients’ home. 

216 Depending on physical therapy practice, patients train in small groups with other (non-)PADOVA 

217 patients (with cancer). 

218 The exercise intervention is based on the exercise training principles (i.e. specificity, progression, 

219 overload, initial values, reversibility and diminishing returns).[50] The sessions start with a warming up 

220 of 10 minutes. Resistance exercises targeting six large muscle groups are conducted for 20 minutes per 

221 session. Prescribed exercises include vertical row, leg press, bench press, pull over, abdominal crunch 

222 and lunge. Due to the abdominal wound in the post-operative period (4-6 weeks) eccentric exercises 

223 with the abdominal muscles and pressure on the abdomen are prevented by omitting heavy lifting and 

224 exercises such as abdominal crunch and pullover. Instead, exercises with an isometric use of the 

225 abdominal muscles such as lateral raise or leg extension, are performed. An overview of all adaptations 

226 for patients with ovarian cancer is shown in Table 2. One repetition maximum (1RM) testing is repeated 

227 every three weeks, in line with chemotherapy regimen, to ensure adequate training intensity over time. 

228 Load of each resistance exercise is 70-80% of the 1RM with a gradual increase per week in between 

229 1RM testing. Exercises are performed in 2 sets of 8-10 repetitions. When the participant is unable to 

230 perform 2 sets of 10 repetitions, or when the Borg Scale of perceived exertion exceeds 15, load will be 

231 decreased by one step. When the Borg Scale of perceived exertion decreases to <12, the load will be 

232 increased. Aerobic exercises are conducted for 30 minutes per session, with an intensity of 50-80% 

233 (gradually increasing) of the maximal work load as estimated by the steep ramp test[51]. This test is 

234 repeated every 6 weeks to ensure adequate work load over time. When the Borg Scale of perceived 

235 exertion decreases to a score of ≤12 or increases to ≥16 the work load is adjusted.[52] In addition to the 

236 supervised sessions, patients are encouraged to be physically active on at least three additional days a 

237 week for 30 minutes to meet the recommended physical activity levels.[40] 

238 Dietary intervention

239 The dietary intervention is provided by oncology dietitians once every three weeks during face-to-face 

Page 13 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

13

240 sessions of 30-45 minutes each at the hospital or by telephone using motivational interviewing 

241 techniques.[53] Motivational interviewing is an effective counselling method for achieving health 

242 behaviour change using techniques as reflective listening and summarizing, focusing on what the patient 

243 wants, thinks and feels.[54] The PADOVA dietary intervention is based on Bandura’s Social Cognitive 

244 theory (SCT).[55] Lifestyle interventions based on SCT have been shown to improve health behaviours 

245 in patients during and after cancer treatment,[56] and generally focus on improving self-efficacy, dealing 

246 with sociostructural factors (impediments/barriers and facilitators), managing outcome expectations, and 

247 setting goals to improve health behaviours.[55] The Behavior Change Techniques (BCT’s) used to 

248 promote heal behaviour change are defined according to the BCT Taxonomy version v1 [57] and listed 

249 in supplementary table A. Content of the dietary intervention is based on the dietary guideline set by the 

250 World Cancer Research Fund (WCRF)/American Institute for Cancer Research (AICR)[40] and an 

251 sufficient total protein intake of at least 1.2 grams of protein per kg body weight per day[41,58] and 25 

252 grams of protein per meal, since such evenly distributed protein intake is expected to optimize muscle 

253 protein synthesis.[59] Counselling is tailored to the nutritional needs of each individual patient according 

254 to body composition, nutritional status and dietary intake during chemotherapy. Patients who are (at risk 

255 of) malnutrition are primarily counselled for prevention of weight loss by maintaining sufficient caloric 

256 intake, particularly protein intake. Patients who are not at risk of developing malnutrition are primarily 

257 counselled to meet the dietary guidelines set by the WCRF/AICR. During each counselling session, 

258 patients will receive feedback on their body weight, BMI, body composition assessed via bio-electric 

259 impedance analysis (BIA), diet quality, and on the extent to which they meet the protein goals and 

260 WCRF/AICR dietary recommendations. Extended information on the content per dietary counselling 

261 session is provided in supplementary table B.

262

263 Control group

264 Women in the control group will receive usual care during chemotherapy, which includes referral to a 

265 dietitian when malnutrition is detected by the gynaecological oncologist. Usual care does not include 

266 structured exercise and/or dietary counselling. In order to prevent nonparticipation and drop-out, 

267 patients in the control group are offered a maximum of three exercise and three dietary counselling 

268 sessions in twelve weeks after completion of chemotherapy and the first follow up measurement.

269
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270 Outcome measurements

271 An investigator blinded from group allocation conducts measurements at three time points. Participants 

272 are instructed not to reveal their group allocation. Baseline measurements are conducted before 

273 randomisation and the start of chemotherapy (T0), the second measurement three weeks after 

274 completion of chemotherapy (T1) and the last measurement (T2) twelve weeks after T1. An overview of 

275 all outcome measurements is presented in Table 3. 

276 Table 3: Summary of outcome measurements

Outcome Instrument T0 T1 T2

Primary outcomes

Body composition Computed tomography imaging for the assessment of skeletal 

muscle area

X X

Bio-electric impedance analysis for the assessment of fat mass X X X

Physical fatigue Multidimensional Fatigue Inventory[60] X X X

Physical function European Organisation Research and Treatment of Cancer-Quality 

of life questionnaire-Core 30[61]

X X X

Secondary outcomes

Physical activity Accelerometer (Actigraph) for objective measurement of physical 

activity in seven consecutive days during all waking hours

X X X

Physical Activity Scale for the Elderly[62] for self-reported levels of 

physical activity

X X X

Physical fitness Maximum oxygen uptake (peak VO2) during a maximum exercise 

test on a cycle ergometer using a ramp protocol for the assessment 

of cardiorespiratory fitness

X X X

Hand held dynamometer for the assessment of muscle strength X X X

Body Mass Index Body height on a calibrated scale to the nearest 0.1 mm X X X

Body weight on a calibrated scale to the nearest 0.1 kg X X X

Dietary intake; 

WCRF/AICR guidelines

Food frequency questionnaire (developed by Wageningen 

University)

X X X

Dietary intake; protein 

intake

Self-composed food frequency questionnaire X X X

European Organisation Research and Treatment of Cancer-Quality 

of life questionnaire – Ovarian cancer (OV28)[63]

X X X

European Organisation Research and Treatment of Cancer-Quality 

of life questionnaire - Chemotherapy-induced peripheral 

neuropathy (CIPN20)[64]

X X X

Hospital Anxiety and Depression Scale[65] X X X

Health-related quality of 

life and symptoms

Pittsburgh Sleep Quality Index[66] X X X

Chemotherapy therapy 

completion rates and 

treatment toxicity

Medical records of which chemotherapy completion rates will be 

assesses as the relative dose intensity, i.e., the amount of particular 

X

Page 15 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

15

chemotherapy given in relation to the originally planned 

chemotherapy dose. 

Other study parameters

Blood sampling Venous blood sample (40 ml) X X

Smoking and 

sociodemographics 

Self-composed questionnaire X

Contamination of control 

group1

Self-composed questionnaire X

277 1 Parameter will only be assessed in the control group

278

279 Primary outcomes

280 Primary outcomes are body composition, physical function and fatigue. Body composition is assessed 

281 via skeletal muscle area and fat mass. Skeletal muscle area is assessed at T0 and T1 using routine 

282 computed tomography (CT) imaging (first image extending from the third lumbar vertebra to iliac crest) 

283 conducted for diagnostic purposes. CT is considered the gold standard for assessment of muscle mass 

284 in cancer patients.[67] Because the CT of the third lumbar vertebra is not yet validated for the 

285 assessment of body fat mass,[68] fat mass is assessed with a non-invasive measurement BIA.[69] 

286 Physical function is assessed using the physical function subscale of the validated European 

287 Organisation Research and Treatment of Cancer-Quality of life questionnaire-Core 30.[61] Physical 

288 fatigue is assessed with the physical fatigue subscale of the Multidimensional Fatigue Inventory.[60]

289

290 Secondary outcomes

291 Secondary outcomes are physical activity, physical fitness (i.e. cardiorespiratory fitness and muscle 

292 strength), dietary intake, BMI, health-related quality of life and symptoms of neuropathy, anxiety and 

293 depression, sleep disturbances, chemotherapy treatment toxicity and completion rates. The 

294 measurement instruments for the assessment of the secondary outcomes are presented in Table 3.

295 Other study parameters

296 During the T0 and T1 visit, a venous blood sample is drawn and stored in the PADOVA biobank for 

297 future biomarker studies (e.g. to assess immune system functioning). Because collection of blood 

298 samples is an addition to participation in the PADOVA study, an additional informed consent is obtained. 

299 Covariates such as clinical data (e.g. cancer subtype, FIGO stage) and sociodemographic 

300 characteristics (e.g. age, ethnicity) are assessed at baseline. Contamination (i.e. received supervised 

301 exercise and/or dietary counselling) of the control group is assessed by a questionnaire at T1.
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302

303 Process evaluation

304 A process evaluation is conducted using a mixed-method approach (using both quantitative and 

305 qualitative research methods). Quantitative data on behavioral counselling skills of dietitians is assessed 

306 during counselling sessions with the Behavior Change Counselling Inventory (BECCI).[70] Patients in 

307 the intervention group fill out the Health Care Climate Questionnaire (HCCQ) to assess the extent to 

308 which they perceive an autonomy supportive environment during counseling.[71] Quantitative data on 

309 behavioral determinants of physical activity and dietary behavior (i.e. outcome expectations, self-

310 efficacy for eating and exercise habits, sociostructural factors, stage of change, type of motivation and 

311 knowledge) are assessed on T0, T1 and T2 by questionnaires in all patients. The following process 

312 evaluation components are examined by physical therapists and dietitians and reported in a form: dose 

313 delivered, dose received and fidelity. Acceptability of the intervention is assessed by a questionnaire 

314 filled out by patients and semi-structured interviews among patients, physical therapists and dietitians 

315 conducted by a researcher. Interviews will be transcribed verbatim, coded in several phases[72,73] and 

316 analyzed with Atlast.ti. Analyses are partly performed concurrently with data collection because 

317 interviews will be held until data saturation is reached. An overview of all measurement instruments for 

318 the process evaluation is presented in Table 4.  

319

320 Table 4: Overview of all measurement instruments for the process evaluation

Outcome Instrument T0 T1 T2

Process evaluation

Behavioral determinants Multidimensional Outcome Expectations for Exercise Scale[62] X X X

Self-efficacy for eating and exercise habits – self-composed items X X X

Sociostructural factors, self-composed items X X X

Stage of change[74] X X X

Type of motivation: Treatment Self-Regulation Questionnaire[75] X X X

Knowledge (on WCRF recommendations): Items used in previous 

study[76]

X X X

Acceptability of 

intervention

Self-composed items1 X

The Health Care Climate Questionnaire – short form (6 items)[71] X

Acceptability of 

intervention

Semi-structured interviews in healthcare professionals2 X1 X4

Semi-structured interviews in participants X1 X4
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Dose delivered Checklist2 – Amount of (components of) sessions provided by 

physical therapist/dietitian

Daily, during 

intervention

Dose received Checklist2 – Amount of (components of) sessions participants 

actively engaged in

Daily, during 

intervention

Fidelity Checklist2 – Extend to which the intervention was executed as 

prescribed in the protocol (e.g. reasons for and amount of 

adaptations to the protocol)

Daily, during 

intervention

Behavioral counselling 

skills3

Behavior Change Counselling Inventory[70] During 

intervention

321 1 Parameters will only be assessed in intervention group

322 2 Parameter will be examined in physical therapists and dietitians  

323 3 Parameter will be examined in dietitians

324 4 Parameter will only be assessed in the control group

325

326 Sample size calculation

327 Sample size calculation is based on the results of a previous RCT among patients with breast cancer 

328 that evaluated the effects of a combined aerobic and resistance exercise intervention (similar to the 

329 PADOVA study),[28] a pilot study among patients with ovarian cancer that evaluated the feasibility of 

330 an exercise intervention[34] and on clinically relevant differences in body composition and peak oxygen 

331 uptake.[34,77-82] With 53 patients per study-arm, we are able to detect a clinically relevant between 

332 group difference in effects directly post-intervention on physical function (10 points), physical fatigue 

333 (2.7 points), body composition (3% in percentage body fat and muscle mass), and 10-15% difference in 

334 peak oxygen uptake (alpha=0.05; power= 0.80). Taking into account a dropout of 15%, we aim to include 

335 61 patients per group. Dropout rates are based on the 10-15% dropout rates from previously conducted 

336 Dutch exercise trials in patients with cancer. [27,28,83]

337

338 Statistical analysis

339 The primary analysis focuses on the effects of the intervention directly after completion of chemotherapy 

340 (T1), since both the intervention and control group have received counselling from a physical therapist 

341 and/or dietitian at follow-up (T2). Data will be analysed according to the intention-to-treat principle.

342 Intervention effects (at T1) will be assessed using linear regression analysis for continuous outcomes, 

343 by regressing the intervention on post-test value (T1) of the outcome, adjusting for baseline values (T0). 

344 To examine whether intervention effects on body composition, physical function or fatigue are mediated 

345 by changes in physical activity and fitness, and/or diet, a series of regression analysis according to the 
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346 product-of-coefficients test will be conducted.[84] Potential effect modification by relevant demographic 

347 (e.g. age) and clinical (e.g. cancer stage, treatment regimen) variables will be explored by adding the 

348 variable and its interaction term with the intervention into the regression model.

349

350 DISCUSSION

351 This paper presents the rationale and design of the PADOVA study and the procedure of tailoring an 

352 exercise and dietary intervention to patients with ovarian cancer. The PADOVA study aims to examine 

353 the effectiveness of a combined exercise and dietary intervention on body composition, physical function 

354 and fatigue in patients with ovarian cancer during chemotherapy. Additionally, an process evaluation is 

355 conducted to examine the effective and ineffective components of the PADOVA intervention.

356 A strength of this study is its randomized controlled design in women with ovarian cancer and systematic 

357 development of the exercise and dietary intervention by the I3-S strategy to ensure adequate tailoring 

358 of the intervention to this patient specific group. Because the intervention is adjusted to comorbidities, 

359 disease- and treatment induced effects, we expect compliance to the intervention to be high and drop 

360 out to be low. Another strength is the process evaluation because it retrieves information on how and 

361 why the intervention is (un)successful.[85] With this information the exercise and dietary intervention will 

362 be improved before the combined intervention is implemented in clinical practice. 

363 Aiming to maximize benefits on body composition, we combined an exercise and dietary intervention. 

364 Consequently, we are unable to disentangle the effects of the exercise and dietary intervention. 

365 However, we plan to perform a mediation analysis to explore whether the intervention effects on body 

366 composition can be explained by changes in exercise or dietary components. Another limitation of this 

367 study is its inability to study long-term effects of the intervention compared to the control group. In the 

368 PADOVA study, exercise and dietary counselling will be offered to the control group after the first follow 

369 up measurement in order to prevent nonparticipation and dropout and to limit contamination (exercise 

370 and dietary intervention) in the control group during chemotherapy. 

371 Close collaboration with physical therapists specifically educated to supervise patients with cancer, 

372 affiliated with a network throughout the Netherlands has the advantage that the exercise intervention 

373 can be offered close to a patients’ home. This increases the reach and scalability of the intervention. 

374 Consequentially, this might also lead to small variations in the implementation of the intervention 

375 protocol by each individual physical therapist.
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376 This study will contribute to the evidence on the potential benefits of an exercise and dietary intervention 

377 in patients with ovarian cancer during chemotherapy treatment who often face a complex and 

378 unfavorable disease trajectory. If proven effective, a combined exercise and dietary intervention for 

379 patients with ovarian cancer can be implemented in clinical practice.

380

381 Patient and public involvement

382 Patients were involved in the development of study specific patient information and they were asked to 

383 assess the burden of time required to participate in this study. The opinion of patients has been 

384 considered to improve the readability of the patient information sheets on the study. During the study 

385 patients will be interviewed (e.g. on acceptability of the intervention) as part of the process evaluation. 

386 This information could be important for implementation of the intervention in clinical practice. Study 

387 results will be presented to patients in collaboration with the patient community.

388

389 Ethics and dissemination

390 This study has been approved by the medical ethical committee of the Amsterdam UMC (reference: 

391 018). Additional approval was obtained for the participating hospitals. The trial is registered in the 

392 Netherlands Trial Register. Signed informed consent is required of all included participants. Results of 

393 the study will be published in international peer-reviewed journals.
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Supplementary table A: Overview of Behavior Change Techniques (BCT’s) used to promote health behavior change in the PADOVA dietary intervention 
Theory Construct BCT[1] Description of BCT 
Social Cognitive Theory 
 Self-efficacy Graded tasks To promote self-efficacy, the dietitian will stimulate the participant to set easy to perform 

and achievable individual goals, and will promote gradually making individual goals 
more difficult until the recommendation is met. 

Outcome expectations Comparative imagining of 
future outcomes 

The dietitian will prompt or advise the imagining and comparing of future outcomes of 
changed versus unchanged behavior. 

Vicarious consequences The dietitian will prompt observation of the consequences (including rewards and 
punishments) for others when they perform the behavior. 

Goal setting Goal setting (outcomes of) 
behavior 

Individual goals with regard to dietary intake/weight will be set by the participant in 
consultation with the dietitian. 

Sociostructural factors Problem solving The dietitian and patient discuss factors that could influence achieving each goal, as 
well as strategies to overcome possible barriers and/or strategies to increase facilitators 
to achieving each goal. 

Social support (practical) The dietitian gives advice on finding social support (e.g. practical help from family or 
friends) for behavior change in order to reach individual goals. 

Habit formation The dietitian will advise on rehearsal and repetition of the behavior in the same context 
repeatedly so that the context elicits the behavior. 

Avoidance/reducing exposure 
to cues for the behavior 

The dietitian will advise on how to avoid exposure to specific social and 
contextual/physical cues for the behavior, including changing daily/weekly routines. 

Restructuring the physical 
environment 

The dietitian will facilitate change or advise to change the physical environment in order 
to facilitate performance of the wanted behavior or create barriers to the unwanted 
behavior. 

Restructuring the social 
environment 

The dietitian will facilitate change or advise to change the social environment in order to 
facilitate performance of the wanted behavior or create barriers to the unwanted 
behavior. 

Information about antecedents The dietitian will provide information about antecedents (social, environmental 
situations or events, emotions, cognitions) that reliably predict performance of the 
behavior. 

Self-reward The dietitian will prompt self-praise or self-reward if and only if there has been effort 
and/or progress in performing the behavior. 

Reduce negative emotions The dietitian will advise on ways of reducing negative emotions to facilitate performance 
of the behavior (includes stress-management). 

Motivational interviewing 
  Pros and cons The dietitian will advise to identify and compare reasons for wanting (pros) and not 

wanting (cons) to change the behavior (includes decisional balance). 
 Comparative imagining of 

future outcomes 
The dietitian will prompt or advise the imagining and comparing of future outcomes of 
changed versus unchanged behavior. 

 Social support (unspecified) The dietitian will advise on and how to arrange social support (e.g., from friends, family, 
buddies) or non-contingent praise or reward for performance of the behavior. Includes 
encouragement and counselling when directed at the behavior. 
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Other 
  Credible source Dietitian from hospital provides counselling. 

 Feedback on behavior The participant will receive feedback from the dietitian on diet quality, and on the extent 
to which they meet the World Cancer Research Fund (WCRF)/American Institute for 
Cancer Research (AICR) [2] recommendations and the protein-goals [3,4]. 

 Feedback on outcomes 
behavior 

The participant will receive feedback from the dietitian on their weight, Body Mass 
Index, body composition. 

 Information about health 
consequences 

The dietitian will inform the participant about the influence of lifestyle-related factors on 
the occurrence of cancer and about the potential positive effects of increased physical 
activity and a healthy diet (including the effect of habitual protein consumption during 
exercise) throughout chemotherapy. 

 Instruction on how to perform 
the behavior 

The participant will receive information from the dietitian on the WCRF/AICR 
recommendations (leaflet). 

 Adding objects to the 
environment; self-monitoring of 
behavior; self- monitoring of 
outcomes of behavior 

The participant will receive a self-monitoring log from the dietitian in which they can log 
their weight and diet. They are encouraged to weekly log their weight, and to daily log 
their dietary intake, with flexibility to meet individual needs and preferences. 

 Action planning An action plan for each individual goal will be discussed by the participant and dietitian. 
 Discrepancy between current 

behavior and goal 
The dietitian will point out potential discrepancies between patients’ current behavior 
and each goal during each subsequent session. 

 Review behavior goals/review 
outcome goals 

The self-monitoring logs will be discussed with the oncology dietitian during every 
counselling visit to be able to monitor progress. Each goal will be reviewed and may be 
modified if necessary. Also, new goals may be set. 

 Social reward (positive 
reinforcement) 

The dietitian will congratulate the patient in case of success. 

 Verbal persuasion about 
capability 

The dietitian will tell the person that they can successfully perform the wanted behavior, 
arguing against self-doubts and asserting that they can and will succeed. 
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Supplementary table B: Overview of the content of the PADOVA dietary counselling sessions 

Counselling session Content 
First counselling 

session 

- Introduction of dietitian and aim of dietary counselling sessions 

- Anthropometric measures 

o Current weight and weight history 

o Height 

o Body Mass Index 

o Body composition 

- Dietary assessment 

o Nutrition-related illnesses or symptoms (e.g. reduced appetite, nausea, 

vomiting, gastrointestinal problems, chewing or swallowing difficulties) 

o Relevant social factors (e.g. social support)  

o Dietary analyses of current nutritional intake 

o Current exercise and physical activity level 

- Assessment of energy [1,2] and protein [3,4] requirements using multiple 

formulas 

- Dietetic diagnosis (synthesized information from anthropometric measures and 

dietary assessment) 

- Provide feedback on patients’ weight, body composition and dietary intake 

- Providing information about the influence of lifestyle and body weight related 

factors on the occurrence of cancer and about the potential positive effects of 

increased physical activity and a healthy diet (including the effects of habitual 

protein consumption during exercise) throughout chemotherapy.  

- Set individual goals and action plans to achieve goals (depending on current 

nutritional status) 

- Discussion of factors that could influence achieving each goal, as well as 

strategies to overcome possible barriers and/or strategies to increase facilitators 

- Hand out self-monitoring logs in which patients can log their weight, dietary 

intake and/or physical activity.  

Second – fifth 

counselling session 

- Anthropometric measures 

o Current weight and Body Mass Index 

o Body composition (every other counselling session) 

- Dietary assessment (if changed) 

- Assessment of energy and protein requirements (if changed) 

- (Revision of) dietetic diagnosis 

- Discussion of filled in self-monitoring logs 

- Discussion of potential discrepancies between current behavior and each goal 

- Review and if necessary modification of goals and action plans 

Last counselling 

session 

- Same content as second to fifth counselling session  

- Discussion and encouragement of self-regulation strategies to be able to 

maintain adherence to the World Cancer Research Fund/American Institute for 

Cancer Research recommendations after the end of the intervention [5] 
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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents* 

Section/item Item 
No 

Description Addressed on 
page number 

Administrative information 
 

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym 1 

Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry 3 

2b All items from the World Health Organization Trial Registration Data Set N/A 

Protocol version 3 Date and version identifier In MEC protocol 

Funding 4 Sources and types of financial, material, and other support 18 

Roles and 
responsibilities 

5a Names, affiliations, and roles of protocol contributors 1, 18 

5b Name and contact information for the trial sponsor 1 

 5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and 
interpretation of data; writing of the report; and the decision to submit the report for publication, including 
whether they will have ultimate authority over any of these activities 

18 

 5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint 
adjudication committee, data management team, and other individuals or groups overseeing the trial, if 
applicable (see Item 21a for data monitoring committee) 
 
 
 

N/A 
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 2 

Introduction    

Background and 
rationale 

6a Description of research question and justification for undertaking the trial, including summary of relevant 
studies (published and unpublished) examining benefits and harms for each intervention 

4,5 

 6b Explanation for choice of comparators 4,5 

Objectives 7 Specific objectives or hypotheses 4,5 

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), 
allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) 

5,6 

Methods: Participants, interventions, and outcomes  

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will 
be collected. Reference to where list of study sites can be obtained 

6 

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and 
individuals who will perform the interventions (eg, surgeons, psychotherapists) 

6 

Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they will be 
administered 

6-13 

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose 
change in response to harms, participant request, or improving/worsening disease) 

6-13 

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence 
(eg, drug tablet return, laboratory tests) 

6-15 

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial N/A 

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood 
pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, 
median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen 
efficacy and harm outcomes is strongly recommended 

 
13-16 

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for 
participants. A schematic diagram is highly recommended (see Figure) 

6-15, figure 1, 
table 3 and 4 
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 3 

Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including 
clinical and statistical assumptions supporting any sample size calculations 

16 

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size In MEC protocol 

Methods: Assignment of interventions (for controlled trials) 
 

Allocation:    

Sequence 
generation 

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any 
factors for stratification. To reduce predictability of a random sequence, details of any planned restriction 
(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants 
or assign interventions 

6 

Allocation 
concealment 
mechanism 

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, 
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned 

6 

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign participants to 
interventions 

6 

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 
assessors, data analysts), and how 

13 

 17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s 
allocated intervention during the trial 

N/A 

Methods: Data collection, management, and analysis 
 

Data collection 
methods 

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 
processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of 
study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known. 
Reference to where data collection forms can be found, if not in the protocol 

13-16 

 18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be 
collected for participants who discontinue or deviate from intervention protocols 

13-16 
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 4 

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality 
(eg, double data entry; range checks for data values). Reference to where details of data management 
procedures can be found, if not in the protocol 

16-17 

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 
statistical analysis plan can be found, if not in the protocol 

16-17 

 20b Methods for any additional analyses (eg, subgroup and adjusted analyses) 16-17 

 20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any 
statistical methods to handle missing data (eg, multiple imputation) 

16-17 

Methods: Monitoring 
 

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of 
whether it is independent from the sponsor and competing interests; and reference to where further details 
about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not 
needed 

Low risk study, 
therefore DMC is 
not needed 

 21b Description of any interim analyses and stopping guidelines, including who will have access to these interim 
results and make the final decision to terminate the trial 

N/A 

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 
events and other unintended effects of trial interventions or trial conduct 

N/A 

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent 
from investigators and the sponsor 

N/A 

Ethics and dissemination  

Research ethics 
approval 

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval 5-6 

Protocol 
amendments 

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, 
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals, 
regulators) 

In MEC protocol 
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 5 

Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and 
how (see Item 32) 

In MEC protocol 

 26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary 
studies, if applicable 

N/A 

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained 
in order to protect confidentiality before, during, and after the trial 

In MEC protocol  

Declaration of 
interests 

28 Financial and other competing interests for principal investigators for the overall trial and each study site 18 

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 
limit such access for investigators 

In MEC protocol 

Ancillary and post-
trial care 

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial 
participation 

In MEC protocol 

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 
the public, and other relevant groups (eg, via publication, reporting in results databases, or other data 
sharing arrangements), including any publication restrictions 

In MEC protocol 

 31b Authorship eligibility guidelines and any intended use of professional writers N/A 

 31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code N/A 

Appendices    

Informed consent 
materials 

32 Model consent form and other related documentation given to participants and authorised surrogates See 
supplementary 
files C & D 

Biological 
specimens 

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular 
analysis in the current trial and for future use in ancillary studies, if applicable 

N/A 

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. 
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons 
“Attribution-NonCommercial-NoDerivs 3.0 Unported” license. 
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