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23 Abstract

24 Introduction: Persistent infection with high-risk human papillomavirus (HPV) is the 

25 main cause of cervical cancer. Thus, the effective treatment against HPV represents an 

26 opportunity to reduce the incidence of cervical cancer. Although various treatments are 

27 effective in treating HPV infection, they still provide limited benefit in reducing the 

28 rate of cervical cancer due to the lack of implementation of a standardised protocol in 

29 many low- and middle-income areas. This proposed cohort study aims to describe the 

30 status quo of treatment, attributions of the treatment decision-making process, and 

31 potential factors influencing treatment decisions.

32 Methods and analysis: This is a prospective longitudinal study in Lueyang County, 

33 China, one of the areas with the highest cervical cancer incidence rates and lowest mean 

34 incomes in China. We will enroll HPV-infected women diagnosed via a county-wide 

35 HPV infection and cervical cancer screening programme. The study procedures 

36 describe the treatment patterns and explore the potential influencing factors in treatment 

37 decision-making through questionnaires and laboratory examinations. All participants 

38 will be evaluated at baseline and at six, 12, and 24 months. The primary outcome is the 

39 treatment pattern, the type and duration of which will be described later. The secondary 

40 outcomes include guideline compliance and changes in the HPV infection status. The 

41 HPV impact profile, intimate relationship satisfaction, and costs within different 

42 management groups are also described and compared.

43 Ethics and dissemination: This study was reviewed, and all of the relevant approvals 

44 were obtained from the Ethics Committee of the Maternity Service Centre of Lveyang 
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45 Maternal and Child Health Care Hospital (2021-001). The findings from this study will 

46 be disseminated through peer-reviewed publications, conference presentations, and 

47 academic workshops.

48 Trial registration number: ChiCTR2100053757.

49

50 Strengths and limitations of this study

51  To our knowledge, this is the first study to consider real-world data regarding 

52 the management patterns after diagnosing high-risk HPV infection among 

53 women in China.

54  We include different potential factors, revealing their internal influence 

55 mechanism on treatment decision-making options.

56  Implementing this protocol will identify the gap between research and practice 

57 and determine why some patients did not receive the recommended therapies.

58  It remains a challenge to sustain a high participation rate in a prospective cohort 

59 study; working outside the hometown and insufficient knowledge and 

60 awareness about the disease in Lueyang County would lead to the loss of 

61 participant follow-up.

62  This is a community-based observational study of prospectively collected data 

63 from Lueyang County, China, so the study design increases the risk for the 

64 potential limitations of the presence of selection bias and a decreased 

65 generalisability of the findings to other populations.

66
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67 INTRODUCTION

68 Cervical cancer ranks fourth among malignant tumours in females worldwide,[1] 

69 presenting a serious threat to women. Cervical cancer is a major public health 

70 concern.[2] Globally, there was an estimated incidence rate of 15.3 per 100,000 and a 

71 mortality rate of 7 per 100,000 for cervical cancer in 2018.[3] In China, the incidence 

72 rate is 10.88 per 100,000, and the mortality rate is 3.17 per 100,000.[4] Cervical cancer 

73 arises from four processes: human papillomavirus (HPV) infection, persistent HPV 

74 infection, multistage squamous intraepithelial lesions, and invasion through the 

75 basement membrane.[5] The World Health Organisation (WHO) is developing a global 

76 strategy, known as the 90–70–90 triple-intervention strategy, for eliminating cervical 

77 cancer as a public health problem by 2030.[6]

78

79 Currently, great progress has been made in the prevention of cervical cancer (e.g. HPV 

80 vaccination and cervical screening initiatives) and the development of several therapies 

81 for cervical cancer. For women who are already HPV-infected, the WHO guidelines 

82 recommend safe and effective treatment options, but these do not reach the women who 

83 need these services the most.[7-8] Several factors contribute to this failure in health 

84 service delivery, access, and utilisation, including a lack of a link between screening 

85 and treatment (compliance with treatment and follow-up), variability in service quality, 

86 and insufficient continuing education for service providers.[9-10] Thus, the 

87 implementation of the standardised management of high-risk HPV infection or HPV-

88 caused precancerous lesions to reduce the prevalence of cervical cancer urgently needs 
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89 to be implemented.

90

91 Treatments for HPV infection and HPV-induced precancer lesions include conservative 

92 observation, ablative treatment (cryotherapy and thermal ablation), and excisional 

93 treatment (excision with a cold knife cone (CKC) and electrosurgical excision (LLETZ 

94 or LEEP)).[7, 11] Several studies have shown that patients with HPV infection or 

95 benign lesions can undergo tissue destruction by thermal (hot or cold), electrical, or 

96 chemical means, the success rates for which vary widely, and the variability of the 

97 inclusion criteria for each study hampers establishing a standardised management 

98 protocol.[8,12] The quality of evidence for all outcomes is low to very low, and the 

99 level of heterogeneity is high in all pooled analyses. For instance, although all currently 

100 used ablative techniques are effective in reducing cancer risk, there is a lack of data on 

101 the long term effectiveness of therapies, reasons for treatment failure, and cost-

102 effectiveness of therapies.

103

104 For these reasons, there remains a lack of sufficient real-world evidence to support 

105 clinicians and patients in providing optimal treatment decision-making 

106 recommendations. Various factors can shape treatment decisions, including decision-

107 maker characteristics, decision-specific criteria, and contextual factors.[13-14] The first 

108 are the decision-maker characteristics, including those for both the providers and 

109 patients, such as capabilities (i.e. knowledge of HPV), emotions (i.e. worry, anxiety, or 

110 stigma from HPV infection), and degree of expertise (i.e. benefits and limitations of 
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111 each treatment).[15-16] Second, decision-specific criteria involve classical clinical 

112 criteria, such as age, HPV type, duration of infection, sex, or expected treatment 

113 complications (i.e. adhesions or bleeding).[17] Contextual factors include the patient’s 

114 socioeconomic status, healthcare system, treatment costs, and perceived support (i.e. 

115 intimate relationships).[18] Currently, it is not yet clear which patient factors affect 

116 treatment decision-making after testing positive for HPV.

117

118 The All-China Women’s Federation and the Ministry of Health launched the ‘Two 

119 Cancers’ (cervical cancer and breast cancer) screening programme in July 2009, which 

120 implemented a free cervical cancer screening programme for rural women aged 35–64 

121 years. This programme involved publicity, health education, and examinations.[19] In 

122 recent years, with the popularisation of cervical cancer screening, the incidence of 

123 cervical cancer in some areas of China has been effectively controlled. Lueyang County 

124 is a low-income area in China with high morbidity and mortality rates for cervical 

125 cancer. The incidence of cervical cancer has shown a decreasing trend in recent years; 

126 however, the morbidity and mortality of the disease remain high. The high prevalence 

127 rate of HPV infection (18.5%) in this region was higher than the national overall 

128 prevalence rate of HPV infection (15.54%).[20]

129

130 Thus, we propose to establish a prospective cohort for women infected with high-risk 

131 HPV in Lueyang, Shaanxi, aiming to (1) profile the treatment patterns for high-risk 

132 HPV infection in the real-world setting, (2) identify the characteristics that impact 
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133 treatment decision-making for high-risk HPV infection, (3) demonstrate compliance 

134 with WHO guidelines for high-risk HPV management, and (4) evaluate the long term 

135 effects of different treatment approaches. The results will provide real-world evidence 

136 to support optimal decision-making in the treatment of high-risk HPV infection and, 

137 ultimately, strive to achieve the goal of ‘90% of women with precancer treated’, which 

138 was proposed by the WHO in its Cervical Cancer Elimination Initiative.

139

140 METHODS AND ANALYSIS

141

142 Study design and setting

143 This prospective cohort study will take place in Lueyang County, one of the 

144 economically underdeveloped regions in Shaanxi Province, China. Lueyang County 

145 has a high prevalence of HPV infection. All women between 18-65 years old in the 

146 county are invited to participant a local government-supported cervical screening 

147 programme. The cervical screening services are managed by gynecologists at the 

148 Maternity Service Centre of Lueyang Maternal and Child Health Care Hospital. The 

149 study was approved by the Maternity Service Centre of Lueyang Maternal and Child 

150 Health Care Hospital, and it was started on 4 November 2021 and is planned to be 

151 completed by 31 November 2023.

152

153 During the screening phase, women aged 18–65 years are recruited through a cervical 

154 screening service by gynaecologists and nurses. Basic information, HPV testing, and 
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155 inclusion evaluations will be performed. The women diagnosed with high-risk HPV 

156 infection during the screening phase will be invited to participate in the study. Written 

157 informed consent will be obtained from the women regarding their participation in this 

158 prospective cohort study (including the procedures, risks, and options for dropping out 

159 of the study). Medical staff with adequate training will clearly explain the study 

160 protocol and objectives to the participants. After providing consent, each patient must 

161 sign an informed consent form. Subsequently, a participant identification (PID) number 

162 will be assigned to facilitate the study, and the other examinations will be performed. 

163 In the allocation phase, according to the outcomes of examinations and treatment 

164 decision-making, all patients will be divided into conservative observation, ablative 

165 treatment, and excisional treatment groups. Figure 1 shows the recruitment process that 

166 will be used.

167

168 Eligibility criteria

169 The inclusion criteria are as follows: (1) women aged 18–65 years, who had lived for 5 

170 years in Lueyang County, (2) a diagnosis of high-risk HPV infection in the screening 

171 phase, (3) non-pregnancy, (4) history of sexual activity, (5) no history of severe 

172 immunodeficiency disease, and (6) able to understand the questions asked by the 

173 investigator.

174

175 The exclusion criteria are as follows: (1) refusal to participate in this study, (2) a 

176 diagnosis of cervical cancer, (3) other malignant tumours or serious illness, and (4) a 
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177 diagnosis of mental illness or impaired consciousness.

178

179 Definition of outcomes

180 This study will assess the treatment patterns, compliance with guidelines, and HPV 

181 status, including (1) the number of patients who underwent conservative observation, 

182 that who underwent ablative treatment, and that who underwent excisional treatment; 

183 (2) the duration of each therapy regimen and the time to treatment initiation; (3) the 

184 number of patients who received other specific treatments, including the duration of 

185 those other specific treatments; and (4) the number of patients who received guideline-

186 recommended treatment. (5) The HPV clearance, persistence, and recurrence will be 

187 assessed via cytological and histological evaluations.

188

189 Patients in the conservative observation group will undergo routine follow-up.[21] The 

190 patients will be observed without any additional treatment. Ablative treatments include 

191 cryotherapy and thermal ablation.[6] Abnormal tissue is destroyed by heating with 

192 thermal coagulation or freezing with cryotherapy. Excisional treatment involves the 

193 surgical removal of abnormal tissue with LLETZ or CKC.[6] The duration of treatment, 

194 the duration of each therapy regimen, and time to the initiation of treatment (the start 

195 of the initial regimen was the date of the first treatment and all treatments initiated 

196 within 90 days of that date).[6, 22] Compliance with guidelines refers to the proportion 

197 of patients who achieve the recommended treatment, as judged by experienced 

198 gynaecological specialists.[23] HPV clearance was defined as a participant testing 
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199 negative for HPV at two consecutive visits after testing positive.[24] Persistent disease 

200 was defined as the persistent same-type HR-HPV infection and persistent different-type 

201 HR-HPV infection positive at baseline and follow-up.[25] Recurrent disease was 

202 defined as the presence of HR-HPV infection at a subsequent follow-up visit in a patient 

203 who had at least one negative HPV test after treatment.[26]

204

205 Sampling strategy

206

207 All women meeting the inclusion criteria will be recruited for the study and followed 

208 up for two years. Management patterns describe using proportion and 95% two-sided 

209 exact confidence intervals (95% CI). With an estimation that, among the total 40,000 

210 women aged 18–65 years in Lueyang County, 18.5% will be diagnosed with high-risk 

211 HPV infection, a total of 7500 women will be eligible for the study. Considering a 20% 

212 attrition rate, we will end up with 6000 women in the cohort. Since the proportion of 

213 patients’ treatment choice is unknown, varying proportions produce different actual 

214 widths as follows (Table 1), the CI width was determined by PASS (version 15) with 

215 the following parameter settings: CI formula, exact (Clopper-Pearson); confidence 

216 level (1-alpha), 0.95; proportion, 0.1 to 0.9 by 0.1.

217

218 Table 1. Numeric Results for Two-Sided CIs for One Proportion

p
n 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

6000 0.015 0.020 0.023 0.025 0.025 0.025 0.023 0.020 0.015
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219 Notes: p, proportion of patients’ treatment choices. n, sample size.

220

221 Data collection

222 The data collection protocol will be performed according to the list outlined in Table 2. 

223 All data will be obtained by physicians at the hospital. The participants underwent a 

224 comprehensive physical examination and completed a questionnaire through face-to-

225 face interviews. All biochemical test results were obtained from the hospital records. 

226 Follow-up visits will be conducted at six, 12, and 24 months.

227

228 Table 2. Data collection schedule

Procedure Visit 1 Visit 2 Visit 3 Visit 4 Visit 5

Screening Baseline Month six Month 12 Month 24

Eligibility criteria ×

Research participants consent ×

Individual Information

  Demographic variables ×

  Menstrual history ×

  Marital history ×

  Personal hygiene behaviour ×

Gynaecological examinations ×

  HPV knowledge ×

    HPV infection ×
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    Regular examination ×

    HPV vaccination ×

Physicians’ knowledge regarding 

treatment 
×

Partner information ×

Outcomes

Primary outcome

Treatment patterns × × × ×

Secondary outcomes

  HPV testing × × × ×

  TCT ○ ○ ○ ○

  Colposcopy ○ ○ ○ ○

  Pathological examination ○ ○ ○ ○

Other assessments

  Intimate relationship satisfaction × × × ×

  HIP × × × ×

Costs × × ×

229 Notes: HPV, human papillomavirus. TCT, Thin-prep liquid-based cytology test. HIP, 

230 the HPV impact profile. ○, if applicable.

231

232 Measures

233
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234 Baseline

235 The baseline data includes the individual information, characteristics, and laboratory 

236 data. Individual data were collected through a health interview survey and medical 

237 records. Demographic variables, such as age, education level, occupation, annual 

238 income, ethnicity, and religion, were used in the analysis, as were the data concerning 

239 the smoking status, alcohol consumption, total number of sexual partners, frequency of 

240 sexual life, forms of contraception, and hygiene habits (i.e. frequency and manner of 

241 bathing). Other basic information, such as menstrual history (i.e. time to 

242 menarche/menopause), marital history, HPV knowledge (HPV infection, regular 

243 examination, and HPV vaccination), physicians’ knowledge regarding treatment 

244 (benefits and limitations of all treatments), partner information, and gynaecological 

245 examinations (i.e. lesions of the vulva, vagina, vaginal secretions, cervix, cervical 

246 polyps, uterus, uterine accessories, vaginal cleanliness, and sexually transmitted disease 

247 type), were also assessed. All eligible patients underwent gynaecological examinations.

248

249 Outcomes

250 Laboratory data, clinical characteristics, and use of therapies were assessed in the 

251 hospital, and all laboratory examinations were performed during the non-menstrual 

252 period. All outcomes were collected by gynaecological outpatient doctors, and the 

253 diagnoses were made by a specialised gynaecologic pathologist. Treatment patterns, as 

254 the primary outcome, will be collected by receiving the available data on the history of 

255 therapies from all eligible patients. Secondary outcomes include the clinical 
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256 characteristics (HPV status, cytology, colposcopy, and biopsy results) and other 

257 assessments (HPV impact profile, intimate relationship satisfaction, and costs). The 

258 specific examination procedures were as follows (Figure 2):

259 (1) HR-HPV testing. The HR-HPV subtypes were tested using the 21 HPV 

260 GenoArray Diagnostic Kit (Yaneng Biosciences, Shenzhen, China) from the Tianbo 

261 Biomedical Laboratory (Xian, China). This included testing on 13 high-risk subtypes 

262 (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68).

263 (2) Thin-prep liquid-based cytology test (TCT). Exfoliated cervical cells from 

264 women attending the gynaecological outpatient clinic were collected using a specialised 

265 cervical brush by a clinician. The cervical cells were detected using TCT, and the results 

266 of cytological pathology were diagnosed by senior physicians according to the Bethesda 

267 System of cervical cytology.

268 (3) Standard colposcopic assessment will be performed when a cytological test is 

269 abnormal at the threshold of atypical squamous cells of an undetermined significance 

270 (or borderline dyskaryosis) or when the HPV 16/18 test result is positive. The 

271 colposcopic findings will be reported according to ASCCP terminology for colposcopic 

272 practice.

273 (4) For the pathological examination of the women who undergoing colposcopy, a 

274 biopsy will be performed only in cases with abnormal cervical findings, and if the 

275 colposcopy is unsatisfactory, a cervical curettage sample will be obtained.

276

277 Other assessments
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278 The HPV impact profile (HIP), a self-reported scale, is designed to represent the full 

279 spectrum of potential HPV-related impacts. It consists of 29 items measuring worries 

280 and concerns, emotional impact, sexual impact, self-image, partner issues and 

281 transmission, interactions with doctors, and control/life impact.[28] The HIP item 

282 scales were linearly transformed to a scale of 0–100, and each item was a 0–10 point 

283 discretised analogue scale. The Mandarin Chinese version of the HIP questionnaire was 

284 generated through a standardised process and has been previously used in Taiwan.[29]

285

286 An intimate relationship satisfaction questionnaire, a self-made satisfaction 

287 questionnaire, is used employed to estimate the satisfaction of patients with HPV 

288 infection. It contains two self-reported questions related to partner and sexual 

289 satisfaction. The scoring for each item ranges from very dissatisfied (0) to very satisfied 

290 (10).

291

292 Cost estimates will be calculated using medical information for direct and indirect 

293 costs.[30] related to the cervical screening, diagnosis, and treatment of HPV and 

294 cervical lesions. The direct costs included patients’ medication, health care, and other 

295 resources (such as time in seeking/receiving care and post-treatment recovery time). 

296 The costs of medication and health service utilisation will be calculated from the 

297 medical records using market prices. The indirect cost estimates of economic losses due 

298 to spending time on screening, examinations, and treatment are based on hourly wages 

299 per capita.
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300

301 Quality control

302 The investigators received training on the standard operating procedure before patient 

303 recruitment was performed. A standardised operation process manual and operation 

304 video were created and distributed to all of the research assistants. Group training was 

305 organised once, while individual training was carried out one-on-one. After training 

306 was performed, all research assistants were required to pass a test of practical operation 

307 to begin their official work. There will be a question-and-answer session to solve 

308 operation problems after approximately ten patients are enrolled. In addition, the 

309 research assistants will provide feedback on a daily basis for patients who had submitted 

310 problems within the working group.

311

312 Data management and analysis

313 All participants will be allocated a PID code at enrolment, which will be used in the 

314 samples and documents over the 24-month study period. All data will be collected and 

315 managed using an electronic data management platform protected by the firewall of 

316 Chongqing Medical University. The data on the platform will be accessible only by 

317 authorised researchers using private accounts and passwords. Any change will be 

318 automatically recorded in the platform log and saved as a separate file for data 

319 monitoring purposes. For the data export process, the de-identification of patient health 

320 information will be conducted following the HIPAA rule. The data will be verified by 

321 double-checking for erroneous or missing values, and the data analysis will be 
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322 performed using SAS version 9.1.3 (SAS Institute, Cary, NC, USA).

323

324 The demographic and clinical characteristics of the participants will be summarised 

325 using the mean and standard deviation for continuous variables. For categorical 

326 variables, the proportion (%) will be reported. Significant associations in the 

327 contingency tables (cross-tabulations) will be assessed using standard Pearson’s χ2 test. 

328 Analysis of variance will be used to compare differences in the continuous variables 

329 among the three groups. The patient demographics, clinical characteristics, treatment 

330 therapies (to identify the most common treatments and durations), and guideline 

331 adherence will be descriptively reported. In addition, we may apply growth mixture 

332 modelling to observe whether subsets of individuals follow distinct trajectories over 

333 time.

334

335 Management patterns will be described as the proportion and 95% exact CI (95% CI). 

336 For this method, p will be the population proportion, and r represents the number of 

337 successes from a sample of size n. Let pˆ = r /n. Exact test (Clopper-Pearson) using a 

338 mathematical relationship.[31] between the F distribution and the cumulative binomial 

339 distribution, and the lower and upper confidence limits of a 100(1-α) % exact 

340 confidence interval for the true proportion p are given by

341 [ 𝑟
𝑟 + (𝑛 ― 𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑛 ― 𝑟 + 1),2𝑟

,
(𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑟 + 1),2(𝑛 ― 𝑟)

(𝑛 ― 𝑟) + (𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑟 + 1),2(𝑛 ― 𝑟)]
342

343 Multivariate logistic regression models will be used to estimate the potential factors 
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344 influencing the treatment choices, including the decision-maker characteristics (patient 

345 and physician), specific criteria, and contextual factors. Pearson’s 2 statistics will be 

346 used to compare the treatment differences in clearance, recurrence, and persistence rates 

347 among the groups. The Kaplan–Meier method will be used to construct the cumulative 

348 clearance rate of HPV from the date of the first HPV diagnosis to the date of HPV 

349 clearance in each treatment group. A proportional hazards model will be fitted to 

350 evaluate the effects of treatment options and other predictors on the overall persistence 

351 and recurrence of HPV, and possible interaction terms of the main effects will be tested 

352 by comparing a reduced model with the full model. Missing data will be identified and 

353 reported as percentages. We will also include several other key parameters (discount 

354 rate, annual number of screened women, screening positivity rate, biopsy rate, and 

355 programmatic costs) in the one-way sensitivity analysis.

356

357 Patient and public involvement

358 The patients and the public were not involved in the development of the research 

359 questions or the design and analysis of the study. The extent of patient involvement in 

360 the study included answering the survey questionnaires at baseline and each follow-up. 

361 The results will be disseminated to the applicants in the form of a published article, 

362 which will be made available upon request.

363

364 Ethics and dissemination

365 Ethical approval for the study was obtained from the Biomedical Research Ethics 
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366 Committee of the Maternity Service Centre of Lueyang Maternal and Child Health Care 

367 Hospital. All participants fulfilling the inclusion criteria will commence as full ethics 

368 approval is received from the Biomedical Research Ethics Committee. No other 

369 independent ethics reviews were conducted. The results of this study will be 

370 disseminated in peer-reviewed journals and conferences. We will provide clinicians 

371 with feedback following the peer-review process to further strategies optimal treatment 

372 decision-making.

373

374 DISCUSSION

375 Women are currently concerned about cervical cancer, owing to its increasing incidence 

376 and high mortality in low- and middle-income areas. Despite the availability of safe 

377 and effective methods for treating premalignant conditions, real-world evidence of 

378 treatment effects in low- and middle-income areas remains limited. To our knowledge, 

379 there are no real-world data regarding patients’ treatment patterns after being diagnosed 

380 with high-risk HPV infection among women in these regions, and the characteristics 

381 that affect their decision-making process are rarely reported. In this study, we focus on 

382 the characteristics of clinical outcomes in different treatment groups and the 

383 relationship between decision-making and the individual’s characteristics in terms of 

384 individual behaviours, psychological trajectories, and economic burden. Hence, this 

385 study is able to evaluate how these factors influence the patient’s decision-making 

386 process. It will also allow us to study the research-to-practice of discordance in greater 

387 detail with the ultimate goal of uncovering the underlying causes of discrepancies 
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388 between these formal recommendations and current practices.

389

390 Decision-making has acquired crucial importance in disease management over the last 

391 20 years since the introduction of the patient-centred principle. A variety of factors can 

392 shape treatment decisions, which include decision-maker characteristics, decision-

393 specific criteria, and contextual factors.[13] Previous studies have stated that there are 

394 a variety of factors that influence treatment decisions in oncological diseases and other 

395 diseases, such as capabilities, emotions, age, expected treatment risk, the healthcare 

396 system, and treatment costs.[18] Little is known about the predictive factors for 

397 decision-making in women undergoing high-risk HPV testing. This study intends to 

398 include different influencing factors to reveal their internal influence mechanism on 

399 decision-making options. We expect that the results can inform clinical practice with 

400 the provision of predictive algorithms that provide physicians with a clear profile of the 

401 patient at present and their probable trajectory in the long term.

402

403 This study has several strengths. First, it provides a comprehensive understanding of 

404 the therapeutic status quo in high-risk HPV infection and the possible underlying 

405 mechanisms involved, including the treatment patterns and disease outcomes under 

406 different treatment decisions. Second, this prospective cohort study has a long follow-

407 up period. Therefore, this study may assist in determining causal associations between 

408 the predicted determinants of treatment decision-making and can be used to obtain 

409 trajectories of how patients’ conditions influence decision-making over time.[32] 
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410 Describing and analysing time-invariant and time-variant factors that predict 

411 improvement or deterioration in these trajectories will help identify potentially 

412 modifiable risk factors for future interventions, as well as patients at risk for poor 

413 outcomes. Third, this study identifies the gap between research and practice and why 

414 some patients did not receive recommended therapies. It provides an effective 

415 mechanism to ensure high compliance to treatment and also provides an opportunity to 

416 reduce cervical cancer incidence and mortality in low- and middle-income areas.

417

418 High participation rates at follow-up are critical for the validation of cohort studies. A 

419 challenge we anticipate is the loss of follow-up, which is generally a common failure 

420 in longitudinal studies. The six-month, 12-month, and 24-month follow-up 

421 appointments may remain difficult to sustain for the following reasons: (1) some adults 

422 in rural areas leave their hometowns to work in cities, which means some data could 

423 not be collected promptly; (2) insufficient attention paid by patients, which might be 

424 related to the insufficient knowledge and awareness about the disease reported in 

425 China.[33] Maintaining follow-up visits is a challenge we anticipate. A research 

426 assistant will communicate regularly with the recruited participants through WeChat, 

427 the most popular messaging and calling app, allowing one-to-one communication. The 

428 research assistant will confirm the appointment dates and send out reminders the week 

429 prior. During the study, participants diagnosed with cervical cancer will be referred to 

430 anticancer treatments but will continue follow-up assessments, noting the change in 

431 their disease status.
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432

433 Overall, we can explore treatment patterns and their association with individual 

434 characteristics and unravel the changing trajectory of potential factors that affect 

435 decision-making. Most importantly, new real-world insights will be provided regarding 

436 the role of tailored disease management in the prevention and treatment of high-risk 

437 HPV infections. These results imply that standardised management could help to reduce 

438 the prevalence of cervical cancer in the future. These data may help inform future 

439 clinical trial designs, highlight the need for better adherence to treatment guidelines, 

440 and inform clinical decision-making.
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542 Figure Legends

543 Figure 1. Workflow for the recruitment procedure.

544 Figure 2. The specific examination procedures.[27]

545 Note: a TCT, thin-prep liquid-based cytologic test; b ≥ASC-US, atypical squamous cells 

546 of undetermined significance or above.
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2

23 Abstract

24 Introduction: Persistent infection with high-risk human papillomavirus (hrHPV) is the 

25 main cause of cervical cancer. Thus, the effective treatment against HPV represents an 

26 opportunity to reduce the incidence of cervical cancer. Although various treatments are 

27 effective in treating HPV infection, they still provide limited benefit in reducing the 

28 rate of cervical cancer due to the lack of implementation of a standardised protocol in 

29 many low- and middle-income areas. This proposed cohort study aims to describe the 

30 status quo of treatment, attributions of the treatment decision-making process, and 

31 potential factors influencing treatment decisions.

32 Methods and analysis: This is a mixed method, 5-year prospective longitudinal study 

33 in Lueyang County, China, one of the areas with the highest cervical cancer incidence 

34 rates and lowest mean income in China. We will enroll hrHPV infection (at least one 

35 HPV type in the 13 high ‐ risk subtypes) women diagnosed via a county-wide HPV 

36 infection and cervical cancer screening programme. The study procedures describe the 

37 treatment patterns and explore the potential influencing factors in treatment decision-

38 making through questionnaires, laboratory examinations, and in-depth interviews. All 

39 participants will be evaluated at baseline and at six, 12, 24, 36, 48, and 60 months. The 

40 primary outcome is the treatment pattern, the type and duration of which will be 

41 described later. The secondary outcomes include guideline compliance and changes in 

42 the HPV infection status. The HPV impact profile, intimate relationship satisfaction, 

43 and costs within different management groups are also described and compared.

44 Ethics and dissemination: This study was reviewed, and all of the relevant approvals 
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3

45 were obtained from the Ethics Committee of the Maternity Service Centre of Lueyang 

46 Maternal and Child Health Care Hospital (2021-001). The findings from this study will 

47 be disseminated through peer-reviewed publications, conference presentations, and 

48 academic workshops.

49 Trial registration number: ChiCTR2100053757.

50

51 Strengths and limitations of this study

52  To our knowledge, this is the first study to consider real-world data regarding 

53 the management patterns after diagnosing high-risk HPV infection among 

54 women in China.

55  We will use a mixed method to explore different potential factors, revealing 

56 their internal influence mechanism on treatment decision-making options.

57  Implementing this protocol will identify the gap between research and practice 

58 and determine why some patients did not receive the recommended therapies.

59  It remains a challenge to sustain a high participation rate in a prospective cohort 

60 study; working outside the hometown and insufficient knowledge and 

61 awareness about the disease in Lueyang County would lead to the loss of 

62 participant follow-up.

63  This is a community-based observational study of prospectively collected data 

64 from Lueyang County, China, so the study design increases the risk for the 

65 potential limitations of the presence of selection bias and a decreased 

66 generalisability of the findings to other populations.
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67 INTRODUCTION

68 Cervical cancer ranks fourth among malignant tumours in females worldwide,[1] 

69 presenting a serious threat to women. Cervical cancer is a major public health 

70 concern.[2] Globally, there was an estimated incidence rate of 15.3 per 100,000 and a 

71 mortality rate of 7 per 100,000 for cervical cancer in 2018.[3] In China, the incidence 

72 rate is 10.88 per 100,000, and the mortality rate is 3.17 per 100,000.[4] Cervical cancer 

73 arises from four processes: human papillomavirus (HPV) infection, persistent HPV 

74 infection, multistage squamous intraepithelial lesions, and invasion through the 

75 basement membrane.[5] The World Health Organisation (WHO) is developing a global 

76 strategy, known as the 90–70–90 triple-intervention strategy, for eliminating cervical 

77 cancer as a public health problem by 2030.[6]

78

79 Currently, great progress has been made in the prevention of cervical cancer (e.g. HPV 

80 vaccination and cervical screening initiatives) and the development of several therapies 

81 for cervical cancer. For women who are already HPV-infected, the WHO guidelines 

82 recommend safe and effective treatment options, but these do not reach the women who 

83 need these services the most.[7-8] Several factors contribute to this failure in health 

84 service delivery, access, and utilisation, including a lack of a link between screening 

85 and treatment (compliance with treatment and follow-up), variability in service quality, 

86 and insufficient continuing education for service providers.[9-10] Thus, the 

87 implementation of the standardised management of hrHPV infection or HPV-caused 

88 precancerous lesions to reduce the prevalence of cervical cancer urgently needs to be 
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5

89 implemented.

90

91 Treatments for HPV infection and HPV-induced precancer lesions include conservative 

92 observation, ablative treatment (cryotherapy and thermal ablation), and excisional 

93 treatment (excision with a cold knife cone (CKC) and electrosurgical excision (LLETZ 

94 or LEEP)).[7, 11] Several studies have shown that patients with HPV infection or 

95 benign lesions can undergo tissue destruction by thermal (hot or cold), electrical, or 

96 chemical means, the success rates for which vary widely, and the variability of the 

97 inclusion criteria for each study hampers establishing a standardised management 

98 protocol.[8,12] The quality of evidence for all outcomes is low to very low, and the 

99 level of heterogeneity is high in all pooled analyses. For instance, although all currently 

100 used ablative techniques are effective in reducing cancer risk, there is a lack of data on 

101 the long term effectiveness of therapies, reasons for treatment failure, and cost-

102 effectiveness of therapies.

103

104 For these reasons, there remains a lack of sufficient real-world evidence to support 

105 clinicians and patients in providing optimal treatment decision-making 

106 recommendations. Various factors can shape treatment decisions, including decision-

107 maker characteristics, decision-specific criteria, and contextual factors.[13-14] The first 

108 are the decision-maker characteristics, including those for both the providers and 

109 patients, such as capabilities (i.e. knowledge of HPV), emotions (i.e. worry, anxiety, or 

110 stigma from HPV infection), and degree of expertise (i.e. benefits and limitations of 
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111 each treatment).[15-16] Second, decision-specific criteria involve classical clinical 

112 criteria, such as age, HPV type, duration of infection, sex, or expected treatment 

113 complications (i.e. adhesions or bleeding).[17] Contextual factors include the patient’s 

114 socioeconomic status, healthcare system, treatment costs, and perceived support (i.e. 

115 intimate relationships).[18] Currently, it is not yet clear which patient factors affect 

116 treatment decision-making after testing positive for HPV.

117

118 The All-China Women’s Federation and the Ministry of Health launched the ‘Two 

119 Cancers’ (cervical cancer and breast cancer) screening programme in July 2009, which 

120 implemented a free cervical cancer screening programme for rural women aged 35–64 

121 years. This programme involved publicity, health education, and examinations.[19] In 

122 recent years, with the popularisation of cervical cancer screening, the incidence of 

123 cervical cancer in some areas of China has been effectively controlled. Lueyang County 

124 is a low-income area in China with high morbidity and mortality rates for cervical 

125 cancer. The incidence of cervical cancer has shown a decreasing trend in recent years; 

126 however, the morbidity and mortality of the disease remain high. The high prevalence 

127 rate of HPV infection (18.5%) in this region was higher than the national overall 

128 prevalence rate of HPV infection (15.54%).[20] We still do not know why morbidity 

129 or mortality is higher, and how to provide services to patients in this county. 

130 Furthermore, the standard of care for HPV and cervical lesions provided in China and 

131 how it deviates from the WHO recommendations remains unclear.

132
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133 Thus, we propose to establish a prospective cohort for women infected with high-risk 

134 HPV in Lueyang, Shaanxi, aiming to (1) profile the treatment patterns and adherence 

135 to guideline-concordant management for hrHPV infection in the real-world setting, (2) 

136 identify the characteristics that associated with treatment decision-making for hrHPV 

137 infection, (3) explore the reasons for treatment choices, including initial regimen, 

138 switch, and treatment termination, and (4) evaluate the long term effects of different 

139 treatment approaches. The results will provide real-world evidence to support optimal 

140 decision-making in the treatment of hrHPV infection and, ultimately, strive to achieve 

141 the goal of ‘90% of women with precancer treated’, which was proposed by the WHO 

142 in its Cervical Cancer Elimination Initiative.

143

144 METHODS AND ANALYSIS

145

146 Study design and setting

147 This mixed method, prospective cohort study with a 5-year follow-up, will take place 

148 in Lueyang County, one of the economically underdeveloped regions in Shaanxi 

149 Province, China. Lueyang County has a high prevalence of HPV infection. All women 

150 between 18-65 years old in the county are invited to participant a local government-

151 supported cervical screening programme. The cervical screening services are managed 

152 by gynaecologists at the Maternity Service Centre of Lueyang Maternal and Child 

153 Health Care Hospital. The study was approved by the Maternity Service Centre of 

154 Lueyang Maternal and Child Health Care Hospital, and it was started on 4 November 
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155 2021 and is planned to be completed by 31 November 2026.

156

157 During the screening phase, women aged 18–65 years are recruited through a cervical 

158 screening service by gynaecologists and nurses. Basic information, hrHPV testing, and 

159 inclusion evaluations will be performed. The women diagnosed with hrHPV infection 

160 during the screening phase will be invited to participate in the study. Written informed 

161 consent will be obtained from the women regarding their participation in this 

162 prospective cohort study (including the procedures, risks, and options for dropping out 

163 of the study). Medical staff with adequate training will clearly explain the study 

164 protocol and objectives to the participants. After providing consent, each patient must 

165 sign an informed consent form. Subsequently, a participant identification (PID) number 

166 will be assigned to facilitate the study, and the other examinations will be performed. 

167 In the categorized phase, according to the outcomes of examinations and treatment 

168 decision-making, all patients will be divided into conservative observation, ablative 

169 treatment, and excisional treatment groups. Figure 1 shows the recruitment process that 

170 will be used.

171

172 Eligibility criteria

173 The inclusion criteria are as follows: (1) women aged 18–65 years, who had lived for 5 

174 years in Lueyang County, (2) a diagnosis of hrHPV infection (including 13 subtypes: 

175 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68; participants with at least one HPV 

176 type in the high-risk group) in the screening phase, (3) non-pregnancy, (4) history of 
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177 sexual activity, (5) no history of severe immunodeficiency disease, and (6) able to 

178 understand the questions asked by the investigator.

179

180 The exclusion criteria are as follows: (1) refusal to participate in this study, (2) a 

181 diagnosis of cervical cancer, (3) other malignant tumours or serious illness, and (4) a 

182 diagnosis of mental illness or impaired consciousness.

183

184 Definition of outcomes

185 This study will assess the treatment patterns, compliance with guidelines, and HPV 

186 status. (For detailed information, see Supplementary Material Table S1.) [21-24] 

187 Patients in the conservative observation group will undergo routine follow-up. [25] The 

188 patients will be observed without any additional treatment. Ablative treatments include 

189 cryotherapy and thermal ablation.[6] Abnormal tissue is destroyed by heating with 

190 thermal coagulation or freezing with cryotherapy. Excisional treatment involves the 

191 surgical removal of abnormal tissue with LLETZ or CKC.[6] Switching was defined as 

192 a change to a different treatment before completing the assigned course of treatment. 

193 The switch could be to any treatment (observation, ablative, or excisional treatment). 

194 The time-to-switch was defined as the period from the date of the first treatment 

195 regimen to the date of switch to another treatment regimen during the study period.

196

197 Sampling strategy

198 All women meeting the inclusion criteria will be recruited for the study and followed-
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199 up for five years. Management patterns describe using proportion and 95% two-sided 

200 exact confidence intervals (95% CI). With an estimation that among the total 40,000 

201 women aged 18–65 years in Lueyang County, 18.5% will be diagnosed with hrHPV 

202 infection, a total of 7500 women will be eligible for the study. Considering a 20% (up 

203 to 40%) attrition rate [26], we will end up with 6000 (at least 3000) women in the cohort. 

204 Since the proportion of patients’ treatment choice is unknown, varying proportions 

205 produce different actual widths as follows (see Supplementary Material Table S2), the 

206 CI width was determined by PASS (version 15) with the following parameter settings: 

207 CI formula, exact (Clopper-Pearson); confidence level (1-alpha), 0.95; proportion, 0.1 

208 to 0.9 by 0.1. A priori, we determined that feasibility would be confirmed with (1) a 

209 recruitment rate of >60% [26]; and (2) attrition rate <40%.

210

211 Data collection

212 The data collection protocol will be performed according to the list outlined in Table 1. 

213 All data will be obtained by physicians at the hospital. The participants underwent a 

214 comprehensive physical examination and completed a questionnaire through face-to-

215 face interviews. All biochemical test results (HPV testing, TCT, colposcopy, and 

216 pathological examination) and sexually transmitted diseases (syphilis and HIV) will be 

217 obtained from the hospital records. Follow-up visits will be conducted at six, 12, 24, 

218 36, 48, and 60 months.

219

220 Table 1. Data collection schedule
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Procedure Visit 1 Visit 2 Visit 3 Visit 4-8

Screening Baseline Month one Month 6-60

Eligibility criteria ×

Research participants consent ×

Individual Information

  Demographic variables ×

  Menstrual history ×

  Marital history ×

  Personal hygiene behaviour ×

Gynaecological examinations ×

  HPV knowledge ×

    HPV infection ×

    Regular examination ×

    HPV vaccination ×

Physicians’ knowledge regarding 

treatment 
×

Partner information ×

Outcomes

Primary outcome

Treatment patterns × ×

Secondary outcomes
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  HPV testing × ×

  TCT ○ ○

  Colposcopy ○ ○

  Pathological examination ○ ○

Adverse events ○ ○

Other assessments

  Intimate relationship satisfaction × ×

  HIP × ×

Costs ×

221 Notes: HPV, human papillomavirus. TCT, Thin-prep liquid-based cytology test. HIP, 

222 the HPV impact profile. ○, if applicable.

223

224 Measures

225

226 Baseline

227 The baseline data includes the individual information, characteristics, and laboratory 

228 data. Individual data will be collected through a health interview survey and medical 

229 records. Demographic variables, such as age, education level, occupation, annual 

230 income, ethnicity, and religion, will be used in the analysis, as data concerning smoking 

231 status, alcohol consumption, sexual history (total number of sexual partners, frequency 

232 of sexual life, and forms of contraception), HPV vaccination history (type of vaccine 

233 and vaccinated person-time), and hygiene habits (i.e. frequency and manner of bathing). 
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234 Other basic information, such as menstrual history (i.e. time to menarche/menopause), 

235 marital history, HPV knowledge (HPV infection, regular examination, and HPV 

236 vaccination), physicians’ knowledge regarding treatment (benefits and limitations of all 

237 treatments), partner information, and gynaecological examinations (i.e. lesions of the 

238 vulva, vagina, vaginal secretions, cervix, cervical polyps, uterus, uterine accessories, 

239 vaginal cleanliness, and sexually transmitted disease type), will also be assessed. All 

240 eligible patients will undergo gynaecological examinations.

241

242 Outcomes

243 Laboratory data, clinical characteristics, and use of therapies will be assessed in the 

244 hospital, and all laboratory examinations will be performed during the non-menstrual 

245 period. All outcomes will be collected by gynaecological outpatient doctors, and the 

246 diagnoses will be made by a specialised gynaecologic pathologist. Treatment patterns, 

247 as the primary outcome, will be collected by receiving the available data on the history 

248 of therapies from all eligible patients. Secondary outcomes include the clinical 

249 characteristics (HPV status, cytology, colposcopy, biopsy results, and adverse events) 

250 and other assessments (HPV impact profile, intimate relationship satisfaction, and costs, 

251 see the Supplementary Material Table S2). The specific examination procedures were 

252 as follows (Figure 2) [27]:

253

254 Other assessments

255 The HPV impact profile (HIP), a self-reported scale, is designed to represent the full 
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256 spectrum of potential HPV-related impacts. [28-29] An intimate relationship 

257 satisfaction questionnaire, a self-made satisfaction questionnaire, is used employed to 

258 estimate the satisfaction of patients with HPV infection. Direct and indirect costs will 

259 be estimated using medical information [30] related to cervical screening, diagnosis, 

260 and treatment of HPV and cervical lesions. The details are provided in the 

261 Supplementary Material Table S3. 

262

263 A semi-structured interview guide has been developed for women with hrHPV infection 

264 and service providers. The initial questions on the guide will help explore participants’ 

265 perceptions and attitudes towards HPV infection. Additional questions on the guide will 

266 assess the impact of these perceptions and attitudes on treatment choices, treatment 

267 switching, and nonadherence to guidelines. All semi-structured interviews will be 

268 conducted face-to-face or via phone. Interviews will be scheduled based on the 

269 participant’s convenient day and time. Interviews are anticipated to begin on 1 August 

270 2022.

271

272 Quality control

273 The investigators received training on the standard operating procedure before patient 

274 recruitment was performed. A standardised operation process manual and operation 

275 video were created and distributed to all of the research assistants. There will be a 

276 question-and-answer session to solve operation problems after approximately ten 

277 patients are enrolled. In addition, the research assistants will provide feedback on a 

Page 14 of 35

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

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
19 S

ep
tem

b
er 2022. 

10.1136/b
m

jo
p

en
-2022-062678 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

15

278 daily basis for patients who had submitted problems within the working group.

279

280 Data management and analysis

281 All participants will be allocated a PID code at enrolment, which will be used in the 

282 samples and documents over the 5-year study period. All data will be collected and 

283 managed using an electronic data management platform protected by the firewall of 

284 Chongqing Medical University. The data on the platform will be accessible only by 

285 authorised researchers using private accounts and passwords. Any change will be 

286 automatically recorded in the platform log and saved as a separate file for data 

287 monitoring purposes. For the data export process, the de-identification of patient health 

288 information will be conducted following the HIPAA rule. An independent safety 

289 monitoring board will be established when the study begins, and will monitor safety 

290 throughout the study period. The data will be verified by double-checking for erroneous 

291 or missing values, and data analysis will be performed using SAS version 9.1.3 (SAS 

292 Institute, Cary, NC, USA).

293

294 The demographic and clinical characteristics of the participants will be summarised 

295 using the mean and standard deviation for continuous variables. For categorical 

296 variables, the proportion (%) will be reported. Significant associations in the 

297 contingency tables (cross-tabulations) will be assessed using standard Pearson’s χ2 test. 

298 Analysis of variance will be used to compare differences in the continuous variables 

299 among the three groups. The patient demographics, clinical characteristics, treatment 
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300 therapies (to identify the most common treatments and durations), and guideline 

301 adherence will be descriptively reported. In addition, we may apply growth mixture 

302 modelling to observe whether subsets of individuals follow distinct trajectories over 

303 time. Analyses were performed for the entire cohort and stratified by treatment patterns, 

304 occurrence of switching, and HPV types (16/18+ or other 11 subtypes +). 

305

306 Management patterns will be described as the proportion and 95% exact CI (95% CI). 

307 For this method, p will be the population proportion, and r represents the number of 

308 successes from a sample of size n. Let pˆ = r /n. Exact test (Clopper-Pearson) using a 

309 mathematical relationship.[31] between the F distribution and the cumulative binomial 

310 distribution, and the lower and upper confidence limits of a 100(1-α) % exact 

311 confidence interval for the true proportion p are given by

312 [ 𝑟
𝑟 + (𝑛 ― 𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑛 ― 𝑟 + 1),2𝑟

,
(𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑟 + 1),2(𝑛 ― 𝑟)

(𝑛 ― 𝑟) + (𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑟 + 1),2(𝑛 ― 𝑟)]
313

314 Multivariate logistic regression models will be used to estimate the potential factors 

315 influencing the treatment choices, including the personal information (sexual history, 

316 HPV vaccination history (type of vaccine and vaccinated person-time)), decision-maker 

317 characteristics (patient and physician), specific criteria (13 high-risk HPV subtypes, 

318 duration of infection, and adverse events), and contextual factors (patient’s 

319 socioeconomic status, treatment costs, and perceived support [i.e. intimate 

320 relationships]). Pearson’s 2 statistics will be used to compare the treatment differences 
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321 in clearance, recurrence, and persistence rates among the groups.

322

323 Qualitative data will be transcribed verbatim and analysed using thematic analysis. [32]

324 At this stage, a bottom-up inductive approach will be used to identify patterned 

325 meanings in the dataset within an essentialist framework to report the experiences, 

326 meanings, and realities of the participants. NVivo software (Version 11, QSR 

327 International, Doncaster, Australia) will be used to import, organise, and explore the 

328 data for analysis. An iterative process will be employed to label data and identify 

329 emerging themes. To ensure inter-rater reliability, two independent investigators will 

330 perform the coding, category creation and thematic analyses. The team will liaise 

331 several times to review themes and subthemes, resolve discrepancies, and decide on the 

332 final definitions of themes and subthemes.

333

334 At each follow-up, the proportion of patients who received guideline-concordant care 

335 will be assessed. The proportion of patients having experienced an event at specific 

336 time points (6, 12, 24, 36, 48, and 60 months) will be derived from the switching rates. 

337 Kaplan–Meier curve will be used to estimate the median time-to-switch with relevant 

338 treatment events as a treatment switch, 95% confidence intervals (CIs) for median times 

339 to event will be computed. Multivariate analysis of the switching factors (decision-

340 maker characteristics, decision-specific criteria, and contextual factors) will be tested 

341 using Cox regression analysis.

342
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343 Pearson’s 2 statistics will be used to compare the treatment differences in clearance, 

344 recurrence, and persistence rates among the groups. The Kaplan–Meier method will be 

345 used to construct the cumulative clearance rate of HPV from the date of the first HPV 

346 diagnosis to the date of HPV clearance in each treatment group. A proportional hazards 

347 model will be fitted to evaluate the effects of treatment options and other predictors on 

348 the overall persistence and recurrence of HPV, and possible interaction terms of the 

349 main effects will be tested by comparing a reduced model with the full model. Adverse 

350 events will be compared among the different groups. Data will be reported as medians 

351 and interquartile ranges or as numbers and percentages. All comparisons will be 

352 evaluated using Wilcoxon signed rank test with continuity correction. 

353

354 Missing data will be identified and reported as percentages. We will also include several 

355 other key parameters (discount rate, annual number of screened women, screening 

356 positivity rate, biopsy rate, and programmatic costs) in the one-way sensitivity analysis.

357

358 Patient and public involvement

359 The patients and the public were not involved in the development of the research 

360 questions or the design and analysis of the study. The extent of patient involvement in 

361 the study included answering the survey questionnaires at baseline and each follow-up. 

362 The results will be disseminated to the applicants in the form of a published article, 

363 which will be made available upon request.

364
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365 Ethics and dissemination

366 Ethical approval for the study was obtained from the Biomedical Research Ethics 

367 Committee of the Maternity Service Centre of Lueyang Maternal and Child Health Care 

368 Hospital. All participants fulfilling the inclusion criteria will commence as full ethics 

369 approval is received from the Biomedical Research Ethics Committee. No other 

370 independent ethics reviews were conducted. The results of this study will be 

371 disseminated in peer-reviewed journals and conferences. We will provide clinicians 

372 with feedback following the peer-review process to further strategies optimal treatment 

373 decision-making.

374

375 DISCUSSION

376 Women are currently concerned about cervical cancer, owing to its increasing incidence 

377 and high mortality in low- and middle-income areas. Despite the availability of safe 

378 and effective methods for treating premalignant conditions, real-world evidence of 

379 treatment effects in low- and middle-income areas remains limited. To our knowledge, 

380 there are no real-world data regarding patients’ treatment patterns after being diagnosed 

381 with hrHPV infection among women in these regions, and the characteristics that affect 

382 their decision-making process are rarely reported. In this study, we focus on the 

383 characteristics of clinical outcomes in different treatment groups and the relationship 

384 between decision-making and the individual’s characteristics in terms of individual 

385 behaviours, psychological trajectories, and economic burden. Hence, this study is able 

386 to evaluate how these factors influence the patient’s decision-making process. It will 
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387 also allow us to study the research-to-practice of discordance in greater detail with the 

388 ultimate goal of uncovering the underlying causes of discrepancies between these 

389 formal recommendations and current practices.

390

391 Decision-making has acquired crucial importance in disease management over the last 

392 20 years since the introduction of the patient-centred principle. A variety of factors can 

393 shape treatment decisions, which include decision-maker characteristics, decision-

394 specific criteria, and contextual factors.[13] Previous studies have stated that there are 

395 a variety of factors that influence treatment decisions in oncological diseases and other 

396 diseases, such as capabilities, emotions, age, expected treatment risk, the healthcare 

397 system, and treatment costs.[18] Little is known about the predictive factors for 

398 decision making in women undergoing hrHPV testing. This study intends to include 

399 different influencing factors to reveal their internal influence mechanism on decision-

400 making options. The qualitative findings of this study will help us explore the 

401 perceptions and attitudes toward HPV infection and its impact on the individuals’ 

402 treatment choices. Moreover, we will gain an in-depth understanding of gynaecological 

403 care needs, which will aid us in developing context-specific programmes for patients 

404 infected with hrHPV in low socioeconomic areas in future. We expect that the results 

405 can inform clinical practice with the provision of predictive algorithms that provide 

406 physicians with a clear profile of the patient at present and their probable trajectory in 

407 the long term.

408
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409 This study has several strengths. First, it provides a comprehensive understanding of 

410 the therapeutic status quo in hrHPV infection and the possible underlying mechanisms 

411 involved, including the treatment patterns and disease outcomes under different 

412 treatment decisions. Second, this prospective cohort study has a long follow-up period. 

413 Therefore, this study may assist in determining causal associations between the 

414 predicted determinants of treatment decision-making and can be used to obtain 

415 trajectories of how patients’ conditions influence decision-making over time.[33] 

416 Describing and analysing time-invariant and time-variant factors that predict 

417 improvement or deterioration in these trajectories will help identify potentially 

418 modifiable risk factors for future interventions, as well as patients at risk for poor 

419 outcomes. Third, this study identifies the gap between research and practice and why 

420 some patients did not receive recommended therapies. It provides an effective 

421 mechanism to ensure high compliance to treatment and also provides an opportunity to 

422 reduce cervical cancer incidence and mortality in low- and middle-income areas.

423

424 High participation rates at follow-up are critical for the validation of cohort studies. A 

425 challenge we anticipate is the loss of follow-up, which is generally a common failure 

426 in longitudinal studies. The six-month, 12-month, 24-month, 36-month, 48-month, and 

427 60-month follow-up appointments may remain difficult to sustain for the following 

428 reasons: (1) some adults in rural areas leave their hometowns to work in cities, which 

429 means some data could not be collected promptly; (2) insufficient attention paid by 

430 patients, which might be related to the insufficient knowledge and awareness about the 
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431 disease reported in China.[34] Maintaining follow-up visits is a challenge we anticipate. 

432 A research assistant will communicate regularly with the recruited participants through 

433 WeChat, the most popular messaging and calling app, allowing one-to-one 

434 communication. The research assistant will confirm the appointment dates and send out 

435 reminders the week prior. We will offer payment to cover transport expenses and meals 

436 on the day of the visits to help increase the adherence of the participants to the protocol 

437 schedule. During the study, participants diagnosed with cervical cancer will be referred 

438 to anticancer treatments but will continue follow-up assessments, noting the change in 

439 their disease status.

440

441 Overall, we can explore treatment patterns and their association with individual 

442 characteristics and unravel the changing trajectory of potential factors that affect 

443 decision-making. Most importantly, new real-world insights will be provided regarding 

444 the role of tailored disease management in the prevention and treatment of hrHPV 

445 infections. These results imply that standardised management could help to reduce the 

446 prevalence of cervical cancer in the future. These data may help inform future clinical 

447 trial designs, highlight the need for better adherence to treatment guidelines, and inform 

448 clinical decision-making.

449
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550 Figure Legends

551 Figure 1. Workflow for the recruitment procedure.

552 Figure 2. The specific examination procedures.[27]

553 Note: a hrHPV, high risk human papilloma virus; b TCT, thin-prep liquid-based 

554 cytologic test; c ≥ASC-US, atypical squamous cells of undetermined significance or 

555 above; d NILM, negative for intraepithelial lesions or malignancy; e LSIL, low‐grade 

556 squamous intraepithelial lesion; f HSIL, high‐grade squamous intraepithelial lesion.
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Supplementary materials 

Table S1. Definition of outcomes 

Variables Definition 

Treatment patterns (1) the number of patients who underwent conservative observation, 

that who underwent ablative treatment, and that who underwent 

excisional treatment; (2) the duration of each therapy regimen and 

the time to treatment initiation: The duration of treatment, the 

duration of each therapy regimen, and time to the initiation of 

treatment (the start of the initial regimen was the date of the first 

treatment and all treatments initiated within 90 days of that date). 

[6, 21] 

Compliance with 

guidelines 

Compliance with guideline, the primary outcome was the provider's 

adherence to the 2021 WHO guidelines for the screening, treatment, 

and management of patients with hrHPV infection. Compliance 

with guidelines refers to the proportion of patients who achieve the 

recommended treatment, as judged by 2 experienced 

gynaecological specialists. [22] Outcomes including: (1) the 

number of patients who received other specific treatments, 

including the duration of those other specific treatments; (2) the 

number of patients who received guideline-recommended 

treatment. 

HPV status The HPV clearance, persistence, and recurrence will be assessed via 

PCR. HPV clearance was defined as a participant testing HPV 

negative at two consecutive visits after testing positive. [23] The 

persistent disease was defined as the cytologic or histologic 

presence of HPV at the time of the second follow-up visit (within 6 

months after treatment). Recurrent disease was defined as the 

cytologic or histologic presence of HPV diagnosed at a subsequent 
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follow-up visit (at least 6 months after treatment) in a patient who 

had had at least one negative cytologic smear after treatment [24].  

Adverse events Adverse events will be recorded at 1 month, 6 months, 12 months, 

and 24 months after treatment onset. It including major infections 

or bleeding, procedure-associated pain, cervical stenosis, infertility, 

spontaneous abortion, perinatal deaths, premature rupture of 

membrane, unnecessary interventions, and increased viral shedding 

in women living with HIV. [7] The National Institutes of Health 

Common Terminology Criteria for Adverse Events (CTCAE; 

version 4.0) was used to grade severity of adverse events. Adverse 

events with CTCAE grade 3 or higher will consider to be serious. 
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Table S2. Numeric Results for Two-Sided CIs for One Proportion 

p 
n 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

6000 0.015 0.020 0.023 0.025 0.025 0.025 0.023 0.020 0.015 

3000 0.022 0.029 0.033 0.035 0.036 0.035 0.033 0.029 0.022 

Notes: p, proportion of patients’ treatment choices. n, sample size. 
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Table S3. Outcomes and other assessments 

Outcomes  

HR-HPV testing The HR-HPV subtypes were tested using the 21 HPV GenoArray 

Diagnostic Kit (Yaneng Biosciences, Shenzhen, China) from the 

Tianbo Biomedical Laboratory (Xian, China). This included testing 

on 13 high-risk subtypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 

59, and 68). 

Thin-prep liquid-

based cytology test 

(TCT) 

Exfoliated cervical cells from women attending the gynaecological 

outpatient clinic were collected using a specialised cervical brush 

by a clinician. The cervical cells were detected using TCT, and the 

results of cytological pathology were diagnosed by senior 

physicians according to the Bethesda System of cervical cytology. 

Cytological test Standard colposcopic assessment will be performed when a 

cytological test is abnormal at the threshold of atypical squamous 

cells of an undetermined significance (or borderline dyskaryosis) or 

when the HPV 16/18 test result is positive. The colposcopic findings 

will be reported according to ASCCP terminology for colposcopic 

practice. 

Pathological 

examination 

For the pathological examination of the women who undergoing 

colposcopy, a biopsy will be performed only in cases with abnormal 

cervical findings, and if the colposcopy is unsatisfactory, a cervical 

curettage sample will be obtained. 

Other assessments  

HIP It consists of 29 items measuring worries and concerns, emotional 

impact, sexual impact, self-image, partner issues and transmission, 

interactions with doctors, and control/life impact.[28] The HIP item 

scales were linearly transformed to a scale of 0–100, and each item 

was a 0–10 point discretised analogue scale. The Mandarin Chinese 

version of the HIP questionnaire was generated through a 
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standardised process and has been previously used in Taiwan.[29] 

Intimate relationship 

satisfaction 

questionnaire 

It contains two self-reported questions related to partner and sexual 

satisfaction. The scoring for each item ranges from very dissatisfied 

(0) to very satisfied (10). 

Costs The direct costs included patients’ medication, health care, and 

other resources (such as time in seeking/receiving care and post-

treatment recovery time). The costs of medication and health 

service utilisation will be calculated from the medical records using 

market prices. The indirect cost estimates of economic losses due to 

spending time on screening, examinations, and treatment are based 

on hourly wages per capita. [30] 
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2

23 Abstract

24 Introduction: Persistent infection with high-risk human papillomavirus (hrHPV) is the 

25 main cause of cervical cancer. Thus, the effective treatment against HPV represents an 

26 opportunity to reduce the incidence of cervical cancer. Although various treatments are 

27 effective in treating HPV infection, they still provide limited benefit in reducing the 

28 rate of cervical cancer due to the lack of implementation of a standardised protocol in 

29 many low- and middle-income areas. This proposed cohort study aims to describe the 

30 status quo of treatment, attributions of the treatment decision-making process, and 

31 potential factors influencing treatment decisions.

32 Methods and analysis: This is a mixed method, 5-year prospective longitudinal study 

33 in Lueyang County, China, one of the areas with the highest cervical cancer incidence 

34 rates and lowest mean income in China. We will enroll hrHPV infection (at least one 

35 HPV type in the 13 high ‐ risk subtypes) women diagnosed via a county-wide HPV 

36 infection and cervical cancer screening programme. The study procedures describe the 

37 treatment patterns and explore the potential influencing factors in treatment decision-

38 making through questionnaires, laboratory examinations, and in-depth interviews. All 

39 participants will be evaluated at baseline and at six, 12, 24, 36, 48, and 60 months. The 

40 primary outcome is the treatment pattern, the type and duration of which will be 

41 described later. The secondary outcomes include guideline compliance and changes in 

42 the HPV infection status. The HPV impact profile, intimate relationship satisfaction, 

43 and costs within different management groups are also described and compared.

44 Ethics and dissemination: This study was reviewed, and all of the relevant approvals 
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3

45 were obtained from the Ethics Committee of the Maternity Service Centre of Lueyang 

46 Maternal and Child Health Care Hospital (2021-001). The findings from this study will 

47 be disseminated through peer-reviewed publications, conference presentations, and 

48 academic workshops.

49 Trial registration number: ChiCTR2100053757.

50

51 Strengths and limitations of this study

52  To our knowledge, this is the first study to consider real-world data regarding 

53 the management patterns after diagnosing high-risk HPV infection among 

54 women in China.

55  We will use a mixed method to explore different potential factors, revealing 

56 their internal influence mechanism on treatment decision-making options.

57  Implementing this protocol will identify the gap between research and practice 

58 and determine why some patients did not receive the recommended therapies.

59  It remains a challenge to sustain a high participation rate in a prospective cohort 

60 study; working outside the hometown and insufficient knowledge and 

61 awareness about the disease in Lueyang County would lead to the loss of 

62 participant follow-up.

63  This is a community-based observational study of prospectively collected data 

64 from Lueyang County, China, so the study design increases the risk for the 

65 potential limitations of the presence of selection bias and a decreased 

66 generalisability of the findings to other populations.
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67 INTRODUCTION

68 Cervical cancer ranks fourth among malignant tumours in females worldwide,[1] 

69 presenting a serious threat to women. Cervical cancer is a major public health 

70 concern.[2] Globally, there was an estimated incidence rate of 15.3 per 100,000 and a 

71 mortality rate of 7 per 100,000 for cervical cancer in 2018.[3] In China, the incidence 

72 rate is 10.88 per 100,000, and the mortality rate is 3.17 per 100,000.[4] Cervical cancer 

73 arises from four processes: human papillomavirus (HPV) infection, persistent HPV 

74 infection, multistage squamous intraepithelial lesions, and invasion through the 

75 basement membrane.[5] The World Health Organisation (WHO) is developing a global 

76 strategy, known as the 90–70–90 triple-intervention strategy, for eliminating cervical 

77 cancer as a public health problem by 2030.[6]

78

79 Currently, great progress has been made in the prevention of cervical cancer (e.g. HPV 

80 vaccination and cervical screening initiatives) and the development of several therapies 

81 for cervical cancer. For women who are already HPV-infected, the WHO guidelines 

82 recommend safe and effective treatment options, but these do not reach the women who 

83 need these services the most.[7-8] Several factors contribute to this failure in health 

84 service delivery, access, and utilisation, including a lack of a link between screening 

85 and treatment (compliance with treatment and follow-up), variability in service quality, 

86 and insufficient continuing education for service providers.[9-10] Thus, the 

87 implementation of the standardised management of hrHPV infection or HPV-caused 

88 precancerous lesions to reduce the prevalence of cervical cancer urgently needs to be 
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89 implemented.

90

91 Treatments for HPV infection and HPV-induced precancer lesions include conservative 

92 observation, ablative treatment (cryotherapy and thermal ablation), and excisional 

93 treatment (excision with a cold knife cone (CKC) and electrosurgical excision (LLETZ 

94 or LEEP)).[7, 11] Several studies have shown that patients with HPV infection or 

95 benign lesions can undergo tissue destruction by thermal (hot or cold), electrical, or 

96 chemical means, the success rates for which vary widely, and the variability of the 

97 inclusion criteria for each study hampers establishing a standardised management 

98 protocol.[8,12] The quality of evidence for all outcomes is low to very low, and the 

99 level of heterogeneity is high in all pooled analyses. For instance, although all currently 

100 used ablative techniques are effective in reducing cancer risk, there is a lack of data on 

101 the long term effectiveness of therapies, reasons for treatment failure, and cost-

102 effectiveness of therapies.

103

104 For these reasons, there remains a lack of sufficient real-world evidence to support 

105 clinicians and patients in providing optimal treatment decision-making 

106 recommendations. Various factors can shape treatment decisions, including decision-

107 maker characteristics, decision-specific criteria, and contextual factors.[13-14] The first 

108 are the decision-maker characteristics, including those for both the providers and 

109 patients, such as capabilities (i.e. knowledge of HPV), emotions (i.e. worry, anxiety, or 

110 stigma from HPV infection), and degree of expertise (i.e. benefits and limitations of 
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111 each treatment).[15-16] Second, decision-specific criteria involve classical clinical 

112 criteria, such as age, HPV type, duration of infection, sex, or expected treatment 

113 complications (i.e. adhesions or bleeding).[17] Contextual factors include the patient’s 

114 socioeconomic status, healthcare system, treatment costs, and perceived support (i.e. 

115 intimate relationships).[18] Currently, it is not yet clear which patient factors affect 

116 treatment decision-making after testing positive for HPV.

117

118 The All-China Women’s Federation and the Ministry of Health launched the ‘Two 

119 Cancers’ (cervical cancer and breast cancer) screening programme in July 2009, which 

120 implemented a free cervical cancer screening programme for rural women aged 35–64 

121 years. This programme involved publicity, health education, and examinations.[19] In 

122 recent years, with the popularisation of cervical cancer screening, the incidence of 

123 cervical cancer in some areas of China has been effectively controlled. Lueyang County 

124 is a low-income area in China with high morbidity and mortality rates for cervical 

125 cancer. The incidence of cervical cancer has shown a decreasing trend in recent years; 

126 however, the morbidity and mortality of the disease remain high. The high prevalence 

127 rate of HPV infection (18.5%) in this region was higher than the national overall 

128 prevalence rate of HPV infection (15.54%).[20] We still do not know why morbidity 

129 or mortality is higher, and how to provide services to patients in this county. 

130 Furthermore, the standard of care for HPV and cervical lesions provided in China and 

131 how it deviates from the WHO recommendations remains unclear.

132
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133 Thus, we propose to establish a prospective cohort for women infected with high-risk 

134 HPV in Lueyang, Shaanxi, aiming to (1) profile the treatment patterns and adherence 

135 to guideline-concordant management for hrHPV infection in the real-world setting, (2) 

136 identify the characteristics that associated with treatment decision-making for hrHPV 

137 infection, (3) explore the reasons for treatment choices, including initial regimen, 

138 switch, and treatment termination, and (4) evaluate the long term effects of different 

139 treatment approaches. The results will provide real-world evidence to support optimal 

140 decision-making in the treatment of hrHPV infection and, ultimately, strive to achieve 

141 the goal of ‘90% of women with precancer treated’, which was proposed by the WHO 

142 in its Cervical Cancer Elimination Initiative.

143

144 METHODS AND ANALYSIS

145

146 Study design and setting

147 This mixed method, prospective cohort study with a 5-year follow-up, will take place 

148 in Lueyang County, one of the economically underdeveloped regions in Shaanxi 

149 Province, China. Lueyang County has a high prevalence of HPV infection. All women 

150 between 18-65 years old in the county are invited to participant a local government-

151 supported cervical screening programme. The cervical screening services are managed 

152 by gynaecologists at the Maternity Service Centre of Lueyang Maternal and Child 

153 Health Care Hospital. The study was approved by the Maternity Service Centre of 

154 Lueyang Maternal and Child Health Care Hospital, and it was started on 4 November 
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155 2021 and is planned to be completed by 31 November 2026.

156

157 During the screening phase, women aged 18–65 years are recruited through a cervical 

158 screening service by gynaecologists and nurses. Basic information, hrHPV testing, and 

159 inclusion evaluations will be performed. The women diagnosed with hrHPV infection 

160 during the screening phase will be invited to participate in the study. Written informed 

161 consent will be obtained from the women regarding their participation in this 

162 prospective cohort study (including the procedures, risks, and options for dropping out 

163 of the study). Medical staff with adequate training will clearly explain the study 

164 protocol and objectives to the participants. After providing consent, each patient must 

165 sign an informed consent form. Subsequently, a participant identification (PID) number 

166 will be assigned to facilitate the study, and the other examinations will be performed. 

167 In the categorized phase, according to the outcomes of examinations and treatment 

168 decision-making, all patients will be divided into conservative observation, ablative 

169 treatment, and excisional treatment groups. Figure 1 shows the recruitment process that 

170 will be used.

171

172 Eligibility criteria

173 The inclusion criteria are as follows: (1) women aged 18–65 years, who had lived for 5 

174 years in Lueyang County, (2) a diagnosis of hrHPV infection (including 13 subtypes: 

175 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68; participants with at least one HPV 

176 type in the high-risk group) in the screening phase, (3) non-pregnancy, (4) history of 
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177 sexual activity, (5) no history of severe immunodeficiency disease, and (6) able to 

178 understand the questions asked by the investigator.

179

180 The exclusion criteria are as follows: (1) refusal to participate in this study, (2) a 

181 diagnosis of cervical cancer, (3) other malignant tumours or serious illness, and (4) a 

182 diagnosis of mental illness or impaired consciousness.

183

184 Definition of outcomes

185 This study will assess the treatment patterns, compliance with guidelines, and HPV 

186 status. (For detailed information, see Supplementary Material Table S1.) [21-24] 

187 Patients in the conservative observation group will undergo routine follow-up. [25] The 

188 patients will be observed without any additional treatment. Ablative treatments include 

189 cryotherapy and thermal ablation.[6] Abnormal tissue is destroyed by heating with 

190 thermal coagulation or freezing with cryotherapy. Excisional treatment involves the 

191 surgical removal of abnormal tissue with LLETZ or CKC.[6] Switching was defined as 

192 a change to a different treatment before completing the assigned course of treatment. 

193 The switch could be to any treatment (observation, ablative, or excisional treatment). 

194 The time-to-switch was defined as the period from the date of the first treatment 

195 regimen to the date of switch to another treatment regimen during the study period.

196

197 Sampling strategy

198 All women meeting the inclusion criteria will be recruited for the study and followed-
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199 up for five years. Management patterns describe using proportion and 95% two-sided 

200 exact confidence intervals (95% CI). With an estimation that among the total 40,000 

201 women aged 18–65 years in Lueyang County, 18.5% will be diagnosed with hrHPV 

202 infection, a total of 7500 women will be eligible for the study. Considering a 20% (up 

203 to 40%) attrition rate [26], we will end up with 6000 (at least 3000) women in the cohort. 

204 Since the proportion of patients’ treatment choice is unknown, varying proportions 

205 produce different actual widths as follows (see Supplementary Material Table S2), the 

206 CI width was determined by PASS (version 15) with the following parameter settings: 

207 CI formula, exact (Clopper-Pearson); confidence level (1-alpha), 0.95; proportion, 0.1 

208 to 0.9 by 0.1. A priori, we determined that feasibility would be confirmed with (1) a 

209 recruitment rate of >60% [26]; and (2) attrition rate <40%.

210

211 Data collection

212 The data collection protocol will be performed according to the list outlined in Table 1. 

213 All data will be obtained by physicians at the hospital. The participants underwent a 

214 comprehensive physical examination and completed a questionnaire through face-to-

215 face interviews. All biochemical test results (HPV testing, TCT, colposcopy, and 

216 pathological examination) and sexually transmitted diseases (syphilis and HIV) will be 

217 obtained from the hospital records. Follow-up visits will be conducted at six, 12, 24, 

218 36, 48, and 60 months.

219

220 Table 1. Data collection schedule
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Procedure Visit 1 Visit 2 Visit 3 Visit 4-8

Screening Baseline Month one Month 6-60

Eligibility criteria ×

Research participants consent ×

Individual Information

  Demographic variables ×

  Menstrual history ×

  Marital history ×

  Personal hygiene behaviour ×

Gynaecological examinations ×

  HPV knowledge ×

    HPV infection ×

    Regular examination ×

    HPV vaccination ×

Physicians’ knowledge regarding 

treatment 
×

Partner information ×

Outcomes

Primary outcome

Treatment patterns × ×

Secondary outcomes
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  HPV testing × ×

  TCT ○ ○

  Colposcopy ○ ○

  Pathological examination ○ ○

Adverse events ○ ○

Other assessments

  Intimate relationship satisfaction × ×

  HIP × ×

Costs ×

221 Notes: HPV, human papillomavirus. TCT, Thin-prep liquid-based cytology test. HIP, 

222 the HPV impact profile. ○, if applicable.

223

224 Measures

225

226 Baseline

227 The baseline data includes the individual information, characteristics, and laboratory 

228 data. Individual data will be collected through a health interview survey and medical 

229 records. Demographic variables, such as age, education level, occupation, annual 

230 income, ethnicity, and religion, will be used in the analysis, as data concerning smoking 

231 status, alcohol consumption, sexual history (total number of sexual partners, frequency 

232 of sexual life, and forms of contraception), HPV vaccination history (type of vaccine 

233 and vaccinated person-time), and hygiene habits (i.e. frequency and manner of bathing). 
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234 Other basic information, such as menstrual history (i.e. time to menarche/menopause), 

235 marital history, HPV knowledge (HPV infection, regular examination, and HPV 

236 vaccination), physicians’ knowledge regarding treatment (benefits and limitations of all 

237 treatments), partner information, and gynaecological examinations (i.e. lesions of the 

238 vulva, vagina, vaginal secretions, cervix, cervical polyps, uterus, uterine accessories, 

239 vaginal cleanliness, and sexually transmitted disease type), will also be assessed. All 

240 eligible patients will undergo gynaecological examinations.

241

242 Outcomes

243 Laboratory data, clinical characteristics, and use of therapies will be assessed in the 

244 hospital, and all laboratory examinations will be performed during the non-menstrual 

245 period. All outcomes will be collected by gynaecological outpatient doctors, and the 

246 diagnoses will be made by a specialised gynaecologic pathologist. Treatment patterns, 

247 as the primary outcome, will be collected by receiving the available data on the history 

248 of therapies from all eligible patients. Secondary outcomes include the clinical 

249 characteristics (HPV status, cytology, colposcopy, biopsy results, and adverse events) 

250 and other assessments (HPV impact profile, intimate relationship satisfaction, and costs, 

251 see the Supplementary Material Table S2). The specific examination procedures were 

252 as follows (Figure 2) [27]:

253

254 Other assessments

255 The HPV impact profile (HIP), a self-reported scale, is designed to represent the full 
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256 spectrum of potential HPV-related impacts. [28-29] An intimate relationship 

257 satisfaction questionnaire, a self-made satisfaction questionnaire, is used employed to 

258 estimate the satisfaction of patients with HPV infection. Direct and indirect costs will 

259 be estimated using medical information [30] related to cervical screening, diagnosis, 

260 and treatment of HPV and cervical lesions. The details are provided in the 

261 Supplementary Material Table S3. 

262

263 A semi-structured interview guide (see Supplementary Material Table S4) has been 

264 developed for women with hrHPV infection and service providers. The initial questions 

265 on the guide will help explore participants’ perceptions and attitudes towards HPV 

266 infection. Additional questions on the guide will assess the impact of these perceptions 

267 and attitudes on treatment choices, treatment switching, and nonadherence to guidelines. 

268 All semi-structured interviews will be conducted face-to-face or via phone. Interviews 

269 will be scheduled based on the participant’s convenient day and time. Interviews are 

270 anticipated to begin on 1 August 2022.

271

272 Quality control

273 The investigators received training on the standard operating procedure before patient 

274 recruitment was performed. A standardised operation process manual and operation 

275 video were created and distributed to all of the research assistants. There will be a 

276 question-and-answer session to solve operation problems after approximately ten 

277 patients are enrolled. In addition, the research assistants will provide feedback on a 
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278 daily basis for patients who had submitted problems within the working group.

279

280 Data management and analysis

281 All participants will be allocated a PID code at enrolment, which will be used in the 

282 samples and documents over the 5-year study period. All data will be collected and 

283 managed using an electronic data management platform protected by the firewall of 

284 Chongqing Medical University. The data on the platform will be accessible only by 

285 authorised researchers using private accounts and passwords. Any change will be 

286 automatically recorded in the platform log and saved as a separate file for data 

287 monitoring purposes. For the data export process, the de-identification of patient health 

288 information will be conducted following the HIPAA rule. An independent safety 

289 monitoring board will be established when the study begins, and will monitor safety 

290 throughout the study period. The data will be verified by double-checking for erroneous 

291 or missing values, and data analysis will be performed using SAS version 9.1.3 (SAS 

292 Institute, Cary, NC, USA).

293

294 The demographic and clinical characteristics of the participants will be summarised 

295 using the mean and standard deviation for continuous variables. For categorical 

296 variables, the proportion (%) will be reported. Significant associations in the 

297 contingency tables (cross-tabulations) will be assessed using standard Pearson’s χ2 test. 

298 Analysis of variance will be used to compare differences in the continuous variables 

299 among the three groups. The patient demographics, clinical characteristics, treatment 
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300 therapies (to identify the most common treatments and durations), and guideline 

301 adherence will be descriptively reported. In addition, we may apply growth mixture 

302 modelling to observe whether subsets of individuals follow distinct trajectories over 

303 time. Analyses were performed for the entire cohort and stratified by treatment patterns, 

304 occurrence of switching, and HPV types (16/18+ or other 11 subtypes +). 

305

306 Management patterns will be described as the proportion and 95% exact CI (95% CI). 

307 For this method, p will be the population proportion, and r represents the number of 

308 successes from a sample of size n. Let pˆ = r /n. Exact test (Clopper-Pearson) using a 

309 mathematical relationship.[31] between the F distribution and the cumulative binomial 

310 distribution, and the lower and upper confidence limits of a 100(1-α) % exact 

311 confidence interval for the true proportion p are given by

312 [ 𝑟
𝑟 + (𝑛 ― 𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑛 ― 𝑟 + 1),2𝑟

,
(𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑟 + 1),2(𝑛 ― 𝑟)

(𝑛 ― 𝑟) + (𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑟 + 1),2(𝑛 ― 𝑟)]
313

314 Multivariate logistic regression models will be used to estimate the potential factors 

315 influencing the treatment choices, including the personal information (sexual history, 

316 HPV vaccination history (type of vaccine and vaccinated person-time)), decision-maker 

317 characteristics (patient and physician), specific criteria (13 high-risk HPV subtypes, 

318 duration of infection, and adverse events), and contextual factors (patient’s 

319 socioeconomic status, treatment costs, and perceived support [i.e. intimate 

320 relationships]). Pearson’s 2 statistics will be used to compare the treatment differences 
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321 in clearance, recurrence, and persistence rates among the groups.

322

323 Qualitative data will be transcribed verbatim and analysed using thematic analysis. [32]

324 At this stage, a bottom-up inductive approach will be used to identify patterned 

325 meanings in the dataset within an essentialist framework to report the experiences, 

326 meanings, and realities of the participants. NVivo software (Version 11, QSR 

327 International, Doncaster, Australia) will be used to import, organise, and explore the 

328 data for analysis. An iterative process will be employed to label data and identify 

329 emerging themes. To ensure inter-rater reliability, two independent investigators will 

330 perform the coding, category creation and thematic analyses. The team will liaise 

331 several times to review themes and subthemes, resolve discrepancies, and decide on the 

332 final definitions of themes and subthemes.

333

334 At each follow-up, the proportion of patients who received guideline-concordant care 

335 will be assessed. The proportion of patients having experienced an event at specific 

336 time points (6, 12, 24, 36, 48, and 60 months) will be derived from the switching rates. 

337 Kaplan–Meier curve will be used to estimate the median time-to-switch with relevant 

338 treatment events as a treatment switch, 95% confidence intervals (CIs) for median times 

339 to event will be computed. Multivariate analysis of the switching factors (decision-

340 maker characteristics, decision-specific criteria, and contextual factors) will be tested 

341 using Cox regression analysis.

342
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343 Pearson’s 2 statistics will be used to compare the treatment differences in clearance, 

344 recurrence, and persistence rates among the groups. The Kaplan–Meier method will be 

345 used to construct the cumulative clearance rate of HPV from the date of the first HPV 

346 diagnosis to the date of HPV clearance in each treatment group. A proportional hazards 

347 model will be fitted to evaluate the effects of treatment options and other predictors on 

348 the overall persistence and recurrence of HPV, and possible interaction terms of the 

349 main effects will be tested by comparing a reduced model with the full model. Adverse 

350 events will be compared among the different groups. Data will be reported as medians 

351 and interquartile ranges or as numbers and percentages. All comparisons will be 

352 evaluated using Wilcoxon signed rank test with continuity correction. 

353

354 Missing data will be identified and reported as percentages. We will also include several 

355 other key parameters (discount rate, annual number of screened women, screening 

356 positivity rate, biopsy rate, and programmatic costs) in the one-way sensitivity analysis.

357

358 Patient and public involvement

359 The patients and the public were not involved in the development of the research 

360 questions or the design and analysis of the study. The extent of patient involvement in 

361 the study included answering the survey questionnaires at baseline and each follow-up. 

362 The results will be disseminated to the applicants in the form of a published article, 

363 which will be made available upon request.

364
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365 Ethics and dissemination

366 Ethical approval for the study was obtained from the Biomedical Research Ethics 

367 Committee of the Maternity Service Centre of Lueyang Maternal and Child Health Care 

368 Hospital. All participants fulfilling the inclusion criteria will commence as full ethics 

369 approval is received from the Biomedical Research Ethics Committee. No other 

370 independent ethics reviews were conducted. The results of this study will be 

371 disseminated in peer-reviewed journals and conferences. We will provide clinicians 

372 with feedback following the peer-review process to further strategies optimal treatment 

373 decision-making.

374

375 DISCUSSION

376 Women are currently concerned about cervical cancer, owing to its increasing incidence 

377 and high mortality in low- and middle-income areas. Despite the availability of safe 

378 and effective methods for treating premalignant conditions, real-world evidence of 

379 treatment effects in low- and middle-income areas remains limited. To our knowledge, 

380 there are no real-world data regarding patients’ treatment patterns after being diagnosed 

381 with hrHPV infection among women in these regions, and the characteristics that affect 

382 their decision-making process are rarely reported. In this study, we focus on the 

383 characteristics of clinical outcomes in different treatment groups and the relationship 

384 between decision-making and the individual’s characteristics in terms of individual 

385 behaviours, psychological trajectories, and economic burden. Hence, this study is able 

386 to evaluate how these factors influence the patient’s decision-making process. It will 
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387 also allow us to study the research-to-practice of discordance in greater detail with the 

388 ultimate goal of uncovering the underlying causes of discrepancies between these 

389 formal recommendations and current practices.

390

391 Decision-making has acquired crucial importance in disease management over the last 

392 20 years since the introduction of the patient-centred principle. A variety of factors can 

393 shape treatment decisions, which include decision-maker characteristics, decision-

394 specific criteria, and contextual factors.[13] Previous studies have stated that there are 

395 a variety of factors that influence treatment decisions in oncological diseases and other 

396 diseases, such as capabilities, emotions, age, expected treatment risk, the healthcare 

397 system, and treatment costs.[18] Little is known about the predictive factors for 

398 decision making in women undergoing hrHPV testing. This study intends to include 

399 different influencing factors to reveal their internal influence mechanism on decision-

400 making options. The qualitative findings of this study will help us explore the 

401 perceptions and attitudes toward HPV infection and its impact on the individuals’ 

402 treatment choices. Moreover, we will gain an in-depth understanding of gynaecological 

403 care needs, which will aid us in developing context-specific programmes for patients 

404 infected with hrHPV in low socioeconomic areas in future. We expect that the results 

405 can inform clinical practice with the provision of predictive algorithms that provide 

406 physicians with a clear profile of the patient at present and their probable trajectory in 

407 the long term.

408
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409 This study has several strengths. First, it provides a comprehensive understanding of 

410 the therapeutic status quo in hrHPV infection and the possible underlying mechanisms 

411 involved, including the treatment patterns and disease outcomes under different 

412 treatment decisions. Second, this prospective cohort study has a long follow-up period. 

413 Therefore, this study may assist in determining causal associations between the 

414 predicted determinants of treatment decision-making and can be used to obtain 

415 trajectories of how patients’ conditions influence decision-making over time.[33] 

416 Describing and analysing time-invariant and time-variant factors that predict 

417 improvement or deterioration in these trajectories will help identify potentially 

418 modifiable risk factors for future interventions, as well as patients at risk for poor 

419 outcomes. Third, this study identifies the gap between research and practice and why 

420 some patients did not receive recommended therapies. It provides an effective 

421 mechanism to ensure high compliance to treatment and also provides an opportunity to 

422 reduce cervical cancer incidence and mortality in low- and middle-income areas.

423

424 High participation rates at follow-up are critical for the validation of cohort studies. A 

425 challenge we anticipate is the loss of follow-up, which is generally a common failure 

426 in longitudinal studies. The six-month, 12-month, 24-month, 36-month, 48-month, and 

427 60-month follow-up appointments may remain difficult to sustain for the following 

428 reasons: (1) some adults in rural areas leave their hometowns to work in cities, which 

429 means some data could not be collected promptly; (2) insufficient attention paid by 

430 patients, which might be related to the insufficient knowledge and awareness about the 

Page 21 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

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
19 S

ep
tem

b
er 2022. 

10.1136/b
m

jo
p

en
-2022-062678 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

22

431 disease reported in China.[34] Maintaining follow-up visits is a challenge we anticipate. 

432 A research assistant will communicate regularly with the recruited participants through 

433 WeChat, the most popular messaging and calling app, allowing one-to-one 

434 communication. The research assistant will confirm the appointment dates and send out 

435 reminders the week prior. We will offer payment to cover transport expenses and meals 

436 on the day of the visits to help increase the adherence of the participants to the protocol 

437 schedule. During the study, participants diagnosed with cervical cancer will be referred 

438 to anticancer treatments but will continue follow-up assessments, noting the change in 

439 their disease status.

440

441 Overall, we can explore treatment patterns and their association with individual 

442 characteristics and unravel the changing trajectory of potential factors that affect 

443 decision-making. Most importantly, new real-world insights will be provided regarding 

444 the role of tailored disease management in the prevention and treatment of hrHPV 

445 infections. These results imply that standardised management could help to reduce the 

446 prevalence of cervical cancer in the future. These data may help inform future clinical 

447 trial designs, highlight the need for better adherence to treatment guidelines, and inform 

448 clinical decision-making.

449
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550 Figure Legends

551 Figure 1. Workflow for the recruitment procedure.

552 Figure 2. The specific examination procedures.[27]

553 Note: a hrHPV, high risk human papilloma virus; b TCT, thin-prep liquid-based 

554 cytologic test; c ≥ASC-US, atypical squamous cells of undetermined significance or 

555 above; d NILM, negative for intraepithelial lesions or malignancy; e LSIL, low‐grade 

556 squamous intraepithelial lesion; f HSIL, high‐grade squamous intraepithelial lesion.
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Supplementary materials 

Table S1. Definition of outcomes 

Variables Definition 

Treatment patterns (1) the number of patients who underwent conservative observation, 

that who underwent ablative treatment, and that who underwent 

excisional treatment; (2) the duration of each therapy regimen and 

the time to treatment initiation: The duration of treatment, the 

duration of each therapy regimen, and time to the initiation of 

treatment (the start of the initial regimen was the date of the first 

treatment and all treatments initiated within 90 days of that date). 

[6, 21] 

Compliance with 

guidelines 

Compliance with guideline, the primary outcome was the provider's 

adherence to the 2021 WHO guidelines for the screening, treatment, 

and management of patients with hrHPV infection. Compliance 

with guidelines refers to the proportion of patients who achieve the 

recommended treatment, as judged by 2 experienced 

gynaecological specialists. [22] Outcomes including: (1) the 

number of patients who received other specific treatments, 

including the duration of those other specific treatments; (2) the 

number of patients who received guideline-recommended 

treatment. 

HPV status The HPV clearance, persistence, and recurrence will be assessed via 

PCR. HPV clearance was defined as a participant testing HPV 

negative at two consecutive visits after testing positive. [23] The 

persistent disease was defined as the cytologic or histologic 

presence of HPV at the time of the second follow-up visit (within 6 

months after treatment). Recurrent disease was defined as the 

cytologic or histologic presence of HPV diagnosed at a subsequent 
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follow-up visit (at least 6 months after treatment) in a patient who 

had had at least one negative cytologic smear after treatment [24].  

Adverse events Adverse events will be recorded at 1 month, 6 months, 12 months, 

and 24 months after treatment onset. It including major infections 

or bleeding, procedure-associated pain, cervical stenosis, infertility, 

spontaneous abortion, perinatal deaths, premature rupture of 

membrane, unnecessary interventions, and increased viral shedding 

in women living with HIV. [7] The National Institutes of Health 

Common Terminology Criteria for Adverse Events (CTCAE; 

version 4.0) was used to grade severity of adverse events. Adverse 

events with CTCAE grade 3 or higher will consider to be serious. 
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Table S2. Numeric Results for Two-Sided CIs for One Proportion 

p 

n 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

6000 0.015 0.020 0.023 0.025 0.025 0.025 0.023 0.020 0.015 

3000 0.022 0.029 0.033 0.035 0.036 0.035 0.033 0.029 0.022 

Notes: p, proportion of patients’ treatment choices. n, sample size. 
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Table S3. Outcomes and other assessments 

Outcomes  

HR-HPV testing The HR-HPV subtypes were tested using the 21 HPV GenoArray 

Diagnostic Kit (Yaneng Biosciences, Shenzhen, China) from the 

Tianbo Biomedical Laboratory (Xian, China). This included testing 

on 13 high-risk subtypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 

59, and 68). 

Thin-prep liquid-

based cytology test 

(TCT) 

Exfoliated cervical cells from women attending the gynaecological 

outpatient clinic were collected using a specialised cervical brush 

by a clinician. The cervical cells were detected using TCT, and the 

results of cytological pathology were diagnosed by senior 

physicians according to the Bethesda System of cervical cytology. 

Cytological test Standard colposcopic assessment will be performed when a 

cytological test is abnormal at the threshold of atypical squamous 

cells of an undetermined significance (or borderline dyskaryosis) or 

when the HPV 16/18 test result is positive. The colposcopic findings 

will be reported according to ASCCP terminology for colposcopic 

practice. 

Pathological 

examination 

For the pathological examination of the women who undergoing 

colposcopy, a biopsy will be performed only in cases with abnormal 

cervical findings, and if the colposcopy is unsatisfactory, a cervical 

curettage sample will be obtained. 

Other assessments  

HIP It consists of 29 items measuring worries and concerns, emotional 

impact, sexual impact, self-image, partner issues and transmission, 

interactions with doctors, and control/life impact.[28] The HIP item 

scales were linearly transformed to a scale of 0–100, and each item 

was a 0–10 point discretised analogue scale. The Mandarin Chinese 

version of the HIP questionnaire was generated through a 
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standardised process and has been previously used in Taiwan.[29] 

Intimate relationship 

satisfaction 

questionnaire 

It contains two self-reported questions related to partner and sexual 

satisfaction. The scoring for each item ranges from very dissatisfied 

(0) to very satisfied (10). 

Costs The direct costs included patients’ medication, health care, and 

other resources (such as time in seeking/receiving care and post-

treatment recovery time). The costs of medication and health 

service utilisation will be calculated from the medical records using 

market prices. The indirect cost estimates of economic losses due to 

spending time on screening, examinations, and treatment are based 

on hourly wages per capita. [30] 

Page 35 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

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
19 S

ep
tem

b
er 2022. 

10.1136/b
m

jo
p

en
-2022-062678 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

Table S4. Interview guide 

Roles Research questions Main topics Probing questions 

Patients  Can you talk about how you 

felt when you heard this 

diagnosis? 

Attitudes to HPV How would you prioritize goals as it 

relates to your HPV treatment? 

 Do you have any concerns regarding 

your treatment? If so, what are they? 

Could you tell me about your 

experience of the treatment 

you received?  

Treatment choices Can you name the initial treatment you 

received? Did you have any other 

treatment? 

Can you tell me a little bit about the 

conversation you had with your doctor 

about your treatment? 

What were the reasons for choosing the 

treatment you did? 

What made you decide to 

change your treatment? 

Nonadherence to treatment  What do you think the main reason is 

for these changes? 

Could you give some examples? 

Procedures? 

Something else? 

Service 

providers 

What do you know about the 

screen-and-treat approach 

guidelines recently issued by 

WHO? 

Familiarity with guideline What did you do when you got the most 

recently updated guideline? 

How did the screen-and-treat approach 

differ from that in the previous ones? 

Can you talk about how you 

make treatment decisions? 

Treatment choices What information has helped the 

treatment decision-making? 

Can you tell me a little bit about the 

conversation you had with your 

patients about their treatment 

decisions? 

What are the reasons for 

treatment deviation from the 

current WHO guidelines? 

Nonadherence to guideline Could you tell me why you didn't 

follow the WHO guidelines? 

What barriers have you encountered 

when you implementing the WHO 

guideline in your hospital?  
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23 Abstract

24 Introduction: Persistent infection with high-risk human papillomavirus (hrHPV) is the 

25 main cause of cervical cancer. Thus, the effective treatment against HPV represents an 

26 opportunity to reduce the incidence of cervical cancer. Although various treatments are 

27 effective in treating HPV infection, they still provide limited benefit in reducing the 

28 rate of cervical cancer due to the lack of implementation of a standardised protocol in 

29 many low- and middle-income areas. This proposed cohort study aims to describe the 

30 status quo of treatment, attributions of the treatment decision-making process, and 

31 potential factors influencing treatment decisions.

32 Methods and analysis: This is a mixed method, 5-year prospective longitudinal study 

33 in Lueyang County, China, one of the areas with the highest cervical cancer incidence 

34 rates and lowest mean income in China. We will enroll hrHPV infection (at least one 

35 HPV type in the 13 high ‐ risk subtypes) women diagnosed via a county-wide HPV 

36 infection and cervical cancer screening programme. The study procedures describe the 

37 treatment patterns and explore the potential influencing factors in treatment decision-

38 making through questionnaires, laboratory examinations, and in-depth interviews. All 

39 participants will be evaluated at baseline and at six, 12, 24, 36, 48, and 60 months. The 

40 primary outcome is the treatment pattern, the type and duration of which will be 

41 described later. The secondary outcomes include guideline compliance and changes in 

42 the HPV infection status. The HPV impact profile, intimate relationship satisfaction, 

43 and costs within different management groups are also described and compared.

44 Ethics and dissemination: This study was reviewed, and all of the relevant approvals 

Page 2 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

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
19 S

ep
tem

b
er 2022. 

10.1136/b
m

jo
p

en
-2022-062678 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

3

45 were obtained from the Ethics Committee of the Maternity Service Centre of Lueyang 

46 Maternal and Child Health Care Hospital (2021-001). The findings from this study will 

47 be disseminated through peer-reviewed publications, conference presentations, and 

48 academic workshops.

49 Trial registration number: ChiCTR2100053757.

50

51 Strengths and limitations of this study

52  To our knowledge, this is the first study to consider real-world data regarding 

53 the management patterns after diagnosing high-risk HPV infection among 

54 women in China.

55  We will use a mixed method to explore different potential factors, revealing 

56 their internal influence mechanism on treatment decision-making options.

57  Implementing this protocol will identify the gap between research and practice 

58 and determine why some patients did not receive the recommended therapies.

59  It remains a challenge to sustain a high participation rate in a prospective cohort 

60 study; working outside the hometown and insufficient knowledge and 

61 awareness about the disease in Lueyang County would lead to the loss of 

62 participant follow-up.

63  This is a community-based observational study of prospectively collected data 

64 from Lueyang County, China, so the study design increases the risk for the 

65 potential limitations of the presence of selection bias and a decreased 

66 generalisability of the findings to other populations.
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67 INTRODUCTION

68 Cervical cancer ranks fourth among malignant tumours in females worldwide,[1] 

69 presenting a serious threat to women. Cervical cancer is a major public health 

70 concern.[2] Globally, there was an estimated incidence rate of 15.3 per 100,000 and a 

71 mortality rate of 7 per 100,000 for cervical cancer in 2018.[3] In China, the incidence 

72 rate is 10.88 per 100,000, and the mortality rate is 3.17 per 100,000.[4] Cervical cancer 

73 arises from four processes: human papillomavirus (HPV) infection, persistent HPV 

74 infection, multistage squamous intraepithelial lesions, and invasion through the 

75 basement membrane.[5] The World Health Organisation (WHO) is developing a global 

76 strategy, known as the 90–70–90 triple-intervention strategy, for eliminating cervical 

77 cancer as a public health problem by 2030.[6]

78

79 Currently, great progress has been made in the prevention of cervical cancer (e.g. HPV 

80 vaccination and cervical screening initiatives) and the development of several therapies 

81 for cervical cancer. For women who are already HPV-infected, the WHO guidelines 

82 recommend safe and effective treatment options, but these do not reach the women who 

83 need these services the most.[7-8] Several factors contribute to this failure in health 

84 service delivery, access, and utilisation, including a lack of a link between screening 

85 and treatment (compliance with treatment and follow-up), variability in service quality, 

86 and insufficient continuing education for service providers.[9-10] Thus, the 

87 implementation of the standardised management of hrHPV infection or HPV-caused 

88 precancerous lesions to reduce the prevalence of cervical cancer urgently needs to be 
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89 implemented.

90

91 Treatments for HPV infection and HPV-induced precancer lesions include conservative 

92 observation, ablative treatment (cryotherapy and thermal ablation), and excisional 

93 treatment (excision with a cold knife cone (CKC) and electrosurgical excision (LLETZ 

94 or LEEP)).[7, 11] Several studies have shown that patients with HPV infection or 

95 benign lesions can undergo tissue destruction by thermal (hot or cold), electrical, or 

96 chemical means, the success rates for which vary widely, and the variability of the 

97 inclusion criteria for each study hampers establishing a standardised management 

98 protocol.[8,12] The quality of evidence for all outcomes is low to very low, and the 

99 level of heterogeneity is high in all pooled analyses. For instance, although all currently 

100 used ablative techniques are effective in reducing cancer risk, there is a lack of data on 

101 the long term effectiveness of therapies, reasons for treatment failure, and cost-

102 effectiveness of therapies.

103

104 For these reasons, there remains a lack of sufficient real-world evidence to support 

105 clinicians and patients in providing optimal treatment decision-making 

106 recommendations. Various factors can shape treatment decisions, including decision-

107 maker characteristics, decision-specific criteria, and contextual factors.[13-14] The first 

108 are the decision-maker characteristics, including those for both the providers and 

109 patients, such as capabilities (i.e. knowledge of HPV), emotions (i.e. worry, anxiety, or 

110 stigma from HPV infection), and degree of expertise (i.e. benefits and limitations of 
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111 each treatment).[15-16] Second, decision-specific criteria involve classical clinical 

112 criteria, such as age, HPV type, duration of infection, sex, or expected treatment 

113 complications (i.e. adhesions or bleeding).[17] Contextual factors include the patient’s 

114 socioeconomic status, healthcare system, treatment costs, and perceived support (i.e. 

115 intimate relationships).[18] Currently, it is not yet clear which patient factors affect 

116 treatment decision-making after testing positive for HPV.

117

118 The All-China Women’s Federation and the Ministry of Health launched the ‘Two 

119 Cancers’ (cervical cancer and breast cancer) screening programme in July 2009, which 

120 implemented a free cervical cancer screening programme for rural women aged 35–64 

121 years. This programme involved publicity, health education, and examinations.[19] In 

122 recent years, with the popularisation of cervical cancer screening, the incidence of 

123 cervical cancer in some areas of China has been effectively controlled. Lueyang County 

124 is a low-income area in China with high morbidity and mortality rates for cervical 

125 cancer. The incidence of cervical cancer has shown a decreasing trend in recent years; 

126 however, the morbidity and mortality of the disease remain high. The high prevalence 

127 rate of HPV infection (18.5%) in this region was higher than the national overall 

128 prevalence rate of HPV infection (15.54%).[20] We still do not know why morbidity 

129 or mortality is higher, and how to provide services to patients in this county. 

130 Furthermore, the standard of care for HPV and cervical lesions provided in China and 

131 how it deviates from the WHO recommendations remains unclear.

132
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133 Thus, we propose to establish a prospective cohort for women infected with high-risk 

134 HPV in Lueyang, Shaanxi, aiming to (1) profile the treatment patterns and adherence 

135 to guideline-concordant management for hrHPV infection in the real-world setting, (2) 

136 identify the characteristics that associated with treatment decision-making for hrHPV 

137 infection, (3) explore the reasons for treatment choices, including initial regimen, 

138 switch, and treatment termination, and (4) evaluate the long term effects of different 

139 treatment approaches. The results will provide real-world evidence to support optimal 

140 decision-making in the treatment of hrHPV infection and, ultimately, strive to achieve 

141 the goal of ‘90% of women with precancer treated’, which was proposed by the WHO 

142 in its Cervical Cancer Elimination Initiative.

143

144 METHODS AND ANALYSIS

145

146 Study design and setting

147 This mixed method, prospective cohort study with a 5-year follow-up, will take place 

148 in Lueyang County, one of the economically underdeveloped regions in Shaanxi 

149 Province, China. Lueyang County has a high prevalence of HPV infection. All women 

150 between 18-65 years old in the county are invited to participant a local government-

151 supported cervical screening programme. The cervical screening services are managed 

152 by gynaecologists at the Maternity Service Centre of Lueyang Maternal and Child 

153 Health Care Hospital. The study was approved by the Maternity Service Centre of 

154 Lueyang Maternal and Child Health Care Hospital, and it was started on 4 November 
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155 2021 and is planned to be completed by 31 November 2026.

156

157 During the screening phase, women aged 18–65 years are recruited through a cervical 

158 screening service by gynaecologists and nurses. Basic information, hrHPV testing, and 

159 inclusion evaluations will be performed. The women diagnosed with hrHPV infection 

160 during the screening phase will be invited to participate in the study. Written informed 

161 consent will be obtained from the women regarding their participation in this 

162 prospective cohort study (including the procedures, risks, and options for dropping out 

163 of the study). Medical staff with adequate training will clearly explain the study 

164 protocol and objectives to the participants. After providing consent, each patient must 

165 sign an informed consent form. Subsequently, a participant identification (PID) number 

166 will be assigned to facilitate the study, and the other examinations will be performed. 

167 In the categorized phase, according to the outcomes of examinations and treatment 

168 decision-making, all patients will be divided into conservative observation, ablative 

169 treatment, and excisional treatment groups. Figure 1 shows the recruitment process that 

170 will be used.

171

172 Eligibility criteria

173 The inclusion criteria are as follows: (1) women aged 18–65 years, who had lived for 5 

174 years in Lueyang County, (2) a diagnosis of hrHPV infection (including 13 subtypes: 

175 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68; participants with at least one HPV 

176 type in the high-risk group) in the screening phase, (3) non-pregnancy, (4) history of 
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177 sexual activity, (5) no history of severe immunodeficiency disease, and (6) able to 

178 understand the questions asked by the investigator.

179

180 The exclusion criteria are as follows: (1) refusal to participate in this study, (2) a 

181 diagnosis of cervical cancer, (3) other malignant tumours or serious illness, and (4) a 

182 diagnosis of mental illness or impaired consciousness.

183

184 Definition of outcomes

185 This study will assess the treatment patterns, compliance with guidelines, and HPV 

186 status. (For detailed information, see Supplementary Material Table S1.) [21-24] 

187 Patients in the conservative observation group will undergo routine follow-up. [25] The 

188 patients will be observed without any additional treatment. Ablative treatments include 

189 cryotherapy and thermal ablation.[6] Abnormal tissue is destroyed by heating with 

190 thermal coagulation or freezing with cryotherapy. Excisional treatment involves the 

191 surgical removal of abnormal tissue with LLETZ or CKC.[6] Switching was defined as 

192 a change to a different treatment before completing the assigned course of treatment. 

193 The switch could be to any treatment (observation, ablative, or excisional treatment). 

194 The time-to-switch was defined as the period from the date of the first treatment 

195 regimen to the date of switch to another treatment regimen during the study period.

196

197 Sampling strategy

198 All women meeting the inclusion criteria will be recruited for the study and followed-
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199 up for five years. Management patterns describe using proportion and 95% two-sided 

200 exact confidence intervals (95% CI). With an estimation that among the total 40,000 

201 women aged 18–65 years in Lueyang County, 18.5% will be diagnosed with hrHPV 

202 infection, a total of 7500 women will be eligible for the study. Considering a 20% (up 

203 to 40%) attrition rate [26], we will end up with 6000 (at least 3000) women in the cohort. 

204 Since the proportion of patients’ treatment choice is unknown, varying proportions 

205 produce different actual widths as follows (see Supplementary Material Table S2), the 

206 CI width was determined by PASS (version 15) with the following parameter settings: 

207 CI formula, exact (Clopper-Pearson); confidence level (1-alpha), 0.95; proportion, 0.1 

208 to 0.9 by 0.1. A priori, we determined that feasibility would be confirmed with (1) a 

209 recruitment rate of >60% [26]; and (2) attrition rate <40%.

210

211 Data collection

212 The data collection protocol will be performed according to the list outlined in Table 1. 

213 All data will be obtained by physicians at the hospital. The participants underwent a 

214 comprehensive physical examination and completed a questionnaire through face-to-

215 face interviews. All biochemical test results (HPV testing, TCT, colposcopy, and 

216 pathological examination) and sexually transmitted diseases (syphilis and HIV) will be 

217 obtained from the hospital records. Follow-up visits will be conducted at six, 12, 24, 

218 36, 48, and 60 months.

219

220 Table 1. Data collection schedule
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Procedure Visit 1 Visit 2 Visit 3 Visit 4-8

Screening Baseline Month one Month 6-60

Eligibility criteria ×

Research participants consent ×

Individual Information

  Demographic variables ×

  Menstrual history ×

  Marital history ×

  Personal hygiene behaviour ×

Gynaecological examinations ×

  HPV knowledge ×

    HPV infection ×

    Regular examination ×

    HPV vaccination ×

Physicians’ knowledge regarding 

treatment 
×

Partner information ×

Outcomes

Primary outcome

Treatment patterns × ×

Secondary outcomes
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  HPV testing × ×

  TCT ○ ○

  Colposcopy ○ ○

  Pathological examination ○ ○

Adverse events ○ ○

Other assessments

  Intimate relationship satisfaction × ×

  HIP × ×

Costs ×

221 Notes: HPV, human papillomavirus. TCT, Thin-prep liquid-based cytology test. HIP, 

222 the HPV impact profile. ○, if applicable.

223

224 Measures

225

226 Baseline

227 The baseline data includes the individual information, characteristics, and laboratory 

228 data. Individual data will be collected through a health interview survey and medical 

229 records. Demographic variables, such as age, education level, occupation, annual 

230 income, ethnicity, and religion, will be used in the analysis, as data concerning smoking 

231 status, alcohol consumption, sexual history (total number of sexual partners, frequency 

232 of sexual life, and forms of contraception), HPV vaccination history (type of vaccine 

233 and vaccinated person-time), and hygiene habits (i.e. frequency and manner of bathing). 
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234 Other basic information, such as menstrual history (i.e. time to menarche/menopause), 

235 marital history, HPV knowledge (HPV infection, regular examination, and HPV 

236 vaccination), physicians’ knowledge regarding treatment (benefits and limitations of all 

237 treatments), partner information, and gynaecological examinations (i.e. lesions of the 

238 vulva, vagina, vaginal secretions, cervix, cervical polyps, uterus, uterine accessories, 

239 vaginal cleanliness, and sexually transmitted disease type), will also be assessed. All 

240 eligible patients will undergo gynaecological examinations.

241

242 Outcomes

243 Laboratory data, clinical characteristics, and use of therapies will be assessed in the 

244 hospital, and all laboratory examinations will be performed during the non-menstrual 

245 period. All outcomes will be collected by gynaecological outpatient doctors, and the 

246 diagnoses will be made by a specialised gynaecologic pathologist. Treatment patterns, 

247 as the primary outcome, will be collected by receiving the available data on the history 

248 of therapies from all eligible patients. Secondary outcomes include the clinical 

249 characteristics (HPV status, cytology, colposcopy, biopsy results, and adverse events) 

250 and other assessments (HPV impact profile, intimate relationship satisfaction, and costs, 

251 see the Supplementary Material Table S2). The specific examination procedures were 

252 as follows (Figure 2) [27]:

253

254 Other assessments

255 The HPV impact profile (HIP), a self-reported scale, is designed to represent the full 
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256 spectrum of potential HPV-related impacts. [28-29] An intimate relationship 

257 satisfaction questionnaire, a self-made satisfaction questionnaire, is used employed to 

258 estimate the satisfaction of patients with HPV infection. Direct and indirect costs will 

259 be estimated using medical information [30] related to cervical screening, diagnosis, 

260 and treatment of HPV and cervical lesions. The details are provided in the 

261 Supplementary Material Table S3. 

262

263 A semi-structured interview guide (see Supplementary Material Table S4) has been 

264 developed for women with hrHPV infection and service providers. The initial questions 

265 on the guide will help explore participants’ perceptions and attitudes towards HPV 

266 infection. Additional questions on the guide will assess the impact of these perceptions 

267 and attitudes on treatment choices, treatment switching, and nonadherence to guidelines. 

268 All semi-structured interviews will be conducted face-to-face or via phone. Interviews 

269 will be scheduled based on the participant’s convenient day and time. Interviews are 

270 anticipated to begin on 1 August 2022.

271

272 Quality control

273 The investigators received training on the standard operating procedure before patient 

274 recruitment was performed. A standardised operation process manual and operation 

275 video were created and distributed to all of the research assistants. There will be a 

276 question-and-answer session to solve operation problems after approximately ten 

277 patients are enrolled. In addition, the research assistants will provide feedback on a 
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278 daily basis for patients who had submitted problems within the working group.

279

280 Data management and analysis

281 All participants will be allocated a PID code at enrolment, which will be used in the 

282 samples and documents over the 5-year study period. All data will be collected and 

283 managed using an electronic data management platform protected by the firewall of 

284 Chongqing Medical University. The data on the platform will be accessible only by 

285 authorised researchers using private accounts and passwords. Any change will be 

286 automatically recorded in the platform log and saved as a separate file for data 

287 monitoring purposes. For the data export process, the de-identification of patient health 

288 information will be conducted following the HIPAA rule. An independent safety 

289 monitoring board will be established when the study begins, and will monitor safety 

290 throughout the study period. The data will be verified by double-checking for erroneous 

291 or missing values, and data analysis will be performed using SAS version 9.1.3 (SAS 

292 Institute, Cary, NC, USA).

293

294 The demographic and clinical characteristics of the participants will be summarised 

295 using the mean and standard deviation for continuous variables. For categorical 

296 variables, the proportion (%) will be reported. Significant associations in the 

297 contingency tables (cross-tabulations) will be assessed using standard Pearson’s χ2 test. 

298 Analysis of variance will be used to compare differences in the continuous variables 

299 among the three groups. The patient demographics, clinical characteristics, treatment 
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300 therapies (to identify the most common treatments and durations), and guideline 

301 adherence will be descriptively reported. In addition, we may apply growth mixture 

302 modelling to observe whether subsets of individuals follow distinct trajectories over 

303 time. Analyses were performed for the entire cohort and stratified by treatment patterns, 

304 occurrence of switching, and HPV types (16/18+ or other 11 subtypes +). 

305

306 Management patterns will be described as the proportion and 95% exact CI (95% CI). 

307 For this method, p will be the population proportion, and r represents the number of 

308 successes from a sample of size n. Let pˆ = r /n. Exact test (Clopper-Pearson) using a 

309 mathematical relationship.[31] between the F distribution and the cumulative binomial 

310 distribution, and the lower and upper confidence limits of a 100(1-α) % exact 

311 confidence interval for the true proportion p are given by

312 [ 𝑟
𝑟 + (𝑛 ― 𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑛 ― 𝑟 + 1),2𝑟

,
(𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑟 + 1),2(𝑛 ― 𝑟)

(𝑛 ― 𝑟) + (𝑟 + 1)𝐹1 ― 𝛼 2;2(𝑟 + 1),2(𝑛 ― 𝑟)]
313

314 Multivariate logistic regression models will be used to estimate the potential factors 

315 influencing the treatment choices, including the personal information (sexual history, 

316 HPV vaccination history (type of vaccine and vaccinated person-time)), decision-maker 

317 characteristics (patient and physician), specific criteria (13 high-risk HPV subtypes, 

318 duration of infection, and adverse events), and contextual factors (patient’s 

319 socioeconomic status, treatment costs, and perceived support [i.e. intimate 

320 relationships]). Pearson’s 2 statistics will be used to compare the treatment differences 
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321 in clearance, recurrence, and persistence rates among the groups.

322

323 Qualitative data will be transcribed verbatim and analysed using thematic analysis. [32]

324 At this stage, a bottom-up inductive approach will be used to identify patterned 

325 meanings in the dataset within an essentialist framework to report the experiences, 

326 meanings, and realities of the participants. NVivo software (Version 11, QSR 

327 International, Doncaster, Australia) will be used to import, organise, and explore the 

328 data for analysis. An iterative process will be employed to label data and identify 

329 emerging themes. To ensure inter-rater reliability, two independent investigators will 

330 perform the coding, category creation and thematic analyses. The team will liaise 

331 several times to review themes and subthemes, resolve discrepancies, and decide on the 

332 final definitions of themes and subthemes.

333

334 At each follow-up, the proportion of patients who received guideline-concordant care 

335 will be assessed. The proportion of patients having experienced an event at specific 

336 time points (6, 12, 24, 36, 48, and 60 months) will be derived from the switching rates. 

337 Kaplan–Meier curve will be used to estimate the median time-to-switch with relevant 

338 treatment events as a treatment switch, 95% confidence intervals (CIs) for median times 

339 to event will be computed. Multivariate analysis of the switching factors (decision-

340 maker characteristics, decision-specific criteria, and contextual factors) will be tested 

341 using Cox regression analysis.

342
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343 Pearson’s 2 statistics will be used to compare the treatment differences in clearance, 

344 recurrence, and persistence rates among the groups. The Kaplan–Meier method will be 

345 used to construct the cumulative clearance rate of HPV from the date of the first HPV 

346 diagnosis to the date of HPV clearance in each treatment group. A proportional hazards 

347 model will be fitted to evaluate the effects of treatment options and other predictors on 

348 the overall persistence and recurrence of HPV, and possible interaction terms of the 

349 main effects will be tested by comparing a reduced model with the full model. Adverse 

350 events will be compared among the different groups. Data will be reported as medians 

351 and interquartile ranges or as numbers and percentages. All comparisons will be 

352 evaluated using Wilcoxon signed rank test with continuity correction. 

353

354 Missing data will be identified and reported as percentages. We will also include several 

355 other key parameters (discount rate, annual number of screened women, screening 

356 positivity rate, biopsy rate, and programmatic costs) in the one-way sensitivity analysis.

357

358 Patient and public involvement

359 The patients and the public were not involved in the development of the research 

360 questions or the design and analysis of the study. The extent of patient involvement in 

361 the study included answering the survey questionnaires at baseline and each follow-up. 

362 The results will be disseminated to the applicants in the form of a published article, 

363 which will be made available upon request.

364
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365 Ethics and dissemination

366 Ethical approval for the study was obtained from the Biomedical Research Ethics 

367 Committee of the Maternity Service Centre of Lueyang Maternal and Child Health Care 

368 Hospital. All participants fulfilling the inclusion criteria will commence as full ethics 

369 approval is received from the Biomedical Research Ethics Committee. No other 

370 independent ethics reviews were conducted. The results of this study will be 

371 disseminated in peer-reviewed journals and conferences. We will provide clinicians 

372 with feedback following the peer-review process to further strategies optimal treatment 

373 decision-making.

374

375 DISCUSSION

376 Women are currently concerned about cervical cancer, owing to its increasing incidence 

377 and high mortality in low- and middle-income areas. Despite the availability of safe 

378 and effective methods for treating premalignant conditions, real-world evidence of 

379 treatment effects in low- and middle-income areas remains limited. To our knowledge, 

380 there are no real-world data regarding patients’ treatment patterns after being diagnosed 

381 with hrHPV infection among women in these regions, and the characteristics that affect 

382 their decision-making process are rarely reported. In this study, we focus on the 

383 characteristics of clinical outcomes in different treatment groups and the relationship 

384 between decision-making and the individual’s characteristics in terms of individual 

385 behaviours, psychological trajectories, and economic burden. Hence, this study is able 

386 to evaluate how these factors influence the patient’s decision-making process. It will 
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387 also allow us to study the research-to-practice of discordance in greater detail with the 

388 ultimate goal of uncovering the underlying causes of discrepancies between these 

389 formal recommendations and current practices.

390

391 Decision-making has acquired crucial importance in disease management over the last 

392 20 years since the introduction of the patient-centred principle. A variety of factors can 

393 shape treatment decisions, which include decision-maker characteristics, decision-

394 specific criteria, and contextual factors.[13] Previous studies have stated that there are 

395 a variety of factors that influence treatment decisions in oncological diseases and other 

396 diseases, such as capabilities, emotions, age, expected treatment risk, the healthcare 

397 system, and treatment costs.[18] Little is known about the predictive factors for 

398 decision making in women undergoing hrHPV testing. This study intends to include 

399 different influencing factors to reveal their internal influence mechanism on decision-

400 making options. The qualitative findings of this study will help us explore the 

401 perceptions and attitudes toward HPV infection and its impact on the individuals’ 

402 treatment choices. Moreover, we will gain an in-depth understanding of gynaecological 

403 care needs, which will aid us in developing context-specific programmes for patients 

404 infected with hrHPV in low socioeconomic areas in future. We expect that the results 

405 can inform clinical practice with the provision of predictive algorithms that provide 

406 physicians with a clear profile of the patient at present and their probable trajectory in 

407 the long term.

408
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409 This study has several strengths. First, it provides a comprehensive understanding of 

410 the therapeutic status quo in hrHPV infection and the possible underlying mechanisms 

411 involved, including the treatment patterns and disease outcomes under different 

412 treatment decisions. Second, this prospective cohort study has a long follow-up period. 

413 Therefore, this study may assist in determining causal associations between the 

414 predicted determinants of treatment decision-making and can be used to obtain 

415 trajectories of how patients’ conditions influence decision-making over time.[33] 

416 Describing and analysing time-invariant and time-variant factors that predict 

417 improvement or deterioration in these trajectories will help identify potentially 

418 modifiable risk factors for future interventions, as well as patients at risk for poor 

419 outcomes. Third, this study identifies the gap between research and practice and why 

420 some patients did not receive recommended therapies. It provides an effective 

421 mechanism to ensure high compliance to treatment and also provides an opportunity to 

422 reduce cervical cancer incidence and mortality in low- and middle-income areas.

423

424 High participation rates at follow-up are critical for the validation of cohort studies. A 

425 challenge we anticipate is the loss of follow-up, which is generally a common failure 

426 in longitudinal studies. The six-month, 12-month, 24-month, 36-month, 48-month, and 

427 60-month follow-up appointments may remain difficult to sustain for the following 

428 reasons: (1) some adults in rural areas leave their hometowns to work in cities, which 

429 means some data could not be collected promptly; (2) insufficient attention paid by 

430 patients, which might be related to the insufficient knowledge and awareness about the 
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431 disease reported in China.[34] Maintaining follow-up visits is a challenge we anticipate. 

432 A research assistant will communicate regularly with the recruited participants through 

433 WeChat, the most popular messaging and calling app, allowing one-to-one 

434 communication. The research assistant will confirm the appointment dates and send out 

435 reminders the week prior. We will offer payment to cover transport expenses and meals 

436 on the day of the visits to help increase the adherence of the participants to the protocol 

437 schedule. Discordant results and previous treatments will be recorded, and their 

438 treatment regimen will depend solely on their behaviours. After this descriptive study, 

439 we will provide health education to raise women’s treatment adherence and clinician’s 

440 guideline adherence. During the study, participants diagnosed with cervical cancer will 

441 be referred to anticancer treatments but will continue follow-up assessments, noting the 

442 change in their disease status.

443

444 Overall, we can explore treatment patterns and their association with individual 

445 characteristics and unravel the changing trajectory of potential factors that affect 

446 decision-making. Most importantly, new real-world insights will be provided regarding 

447 the role of tailored disease management in the prevention and treatment of hrHPV 

448 infections. These results imply that standardised management could help to reduce the 

449 prevalence of cervical cancer in the future. These data may help inform future clinical 

450 trial designs, highlight the need for better adherence to treatment guidelines, and inform 

451 clinical decision-making.

452
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28

553 Figure Legends

554 Figure 1. Workflow for the recruitment procedure.

555 Figure 2. The specific examination procedures.[27]

556 Note: a hrHPV, high risk human papilloma virus; b TCT, thin-prep liquid-based 

557 cytologic test; c ≥ASC-US, atypical squamous cells of undetermined significance or 

558 above; d NILM, negative for intraepithelial lesions or malignancy; e LSIL, low‐grade 

559 squamous intraepithelial lesion; f HSIL, high‐grade squamous intraepithelial lesion.
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Supplementary materials 

Table S1. Definition of outcomes 

Variables Definition 

Treatment patterns (1) the number of patients who underwent conservative observation, 

that who underwent ablative treatment, and that who underwent 

excisional treatment; (2) the duration of each therapy regimen and 

the time to treatment initiation: The duration of treatment, the 

duration of each therapy regimen, and time to the initiation of 

treatment (the start of the initial regimen was the date of the first 

treatment and all treatments initiated within 90 days of that date). 

[6, 21] If the previous treatment has finished before 90 days of 

screening date, it will only be recorded and we will treat new option 

as the initial regimen. If the previous treatment has not finished 

within 90 days of screening date, we will treat it as the initial 

regimen to follow-up. 

Compliance with 

guidelines 

Compliance with guideline, the primary outcome was the provider's 

adherence to the 2021 WHO guidelines for the screening, treatment, 

and management of patients with hrHPV infection. Compliance 

with guidelines refers to the proportion of patients who achieve the 

recommended treatment, as judged by 2 experienced 

gynaecological specialists. [22] Outcomes including: (1) the 

number of patients who received other specific treatments, 

including the duration of those other specific treatments; (2) the 

number of patients who received guideline-recommended 

treatment. 

HPV status The HPV clearance, persistence, and recurrence will be assessed via 

PCR. HPV clearance was defined as a participant testing HPV 

negative at two consecutive visits after testing positive. [23] The 
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persistent disease was defined as the cytologic or histologic 

presence of HPV at the time of the second follow-up visit (within 6 

months after treatment). Recurrent disease was defined as the 

cytologic or histologic presence of HPV diagnosed at a subsequent 

follow-up visit (at least 6 months after treatment) in a patient who 

had had at least one negative cytologic smear after treatment [24].  

Adverse events Adverse events will be recorded at 1 month, 6 months, 12 months, 

and 24 months after treatment onset. It including major infections 

or bleeding, procedure-associated pain, cervical stenosis, infertility, 

spontaneous abortion, perinatal deaths, premature rupture of 

membrane, unnecessary interventions, and increased viral shedding 

in women living with HIV. [7] The National Institutes of Health 

Common Terminology Criteria for Adverse Events (CTCAE; 

version 4.0) was used to grade severity of adverse events. Adverse 

events with CTCAE grade 3 or higher will consider to be serious. 

Page 32 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

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
19 S

ep
tem

b
er 2022. 

10.1136/b
m

jo
p

en
-2022-062678 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

Table S2. Numeric Results for Two-Sided CIs for One Proportion 

p 
n 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

6000 0.015 0.020 0.023 0.025 0.025 0.025 0.023 0.020 0.015 

3000 0.022 0.029 0.033 0.035 0.036 0.035 0.033 0.029 0.022 

Notes: p, proportion of patients’ treatment choices. n, sample size. 
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Table S3. Outcomes and other assessments 

Outcomes  

HR-HPV testing The HR-HPV subtypes were tested using the 21 HPV GenoArray 

Diagnostic Kit (Yaneng Biosciences, Shenzhen, China) from the 

Tianbo Biomedical Laboratory (Xian, China). This included testing 

on 13 high-risk subtypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 

59, and 68). 

Thin-prep liquid-

based cytology test 

(TCT) 

Exfoliated cervical cells from women attending the gynaecological 

outpatient clinic were collected using a specialised cervical brush 

by a clinician. The cervical cells were detected using TCT, and the 

results of cytological pathology were diagnosed by senior 

physicians according to the Bethesda System of cervical cytology. 

Cytological test Standard colposcopic assessment will be performed when a 

cytological test is abnormal at the threshold of atypical squamous 

cells of an undetermined significance (or borderline dyskaryosis) or 

when the HPV 16/18 test result is positive. The colposcopic findings 

will be reported according to ASCCP terminology for colposcopic 

practice. 

Pathological 

examination 

For the pathological examination of the women who undergoing 

colposcopy, a biopsy will be performed only in cases with abnormal 

cervical findings, and if the colposcopy is unsatisfactory, a cervical 

curettage sample will be obtained. 

Other assessments  

HIP It consists of 29 items measuring worries and concerns, emotional 

impact, sexual impact, self-image, partner issues and transmission, 

interactions with doctors, and control/life impact.[28] The HIP item 

scales were linearly transformed to a scale of 0–100, and each item 

was a 0–10 point discretised analogue scale. The Mandarin Chinese 

version of the HIP questionnaire was generated through a 
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standardised process and has been previously used in Taiwan.[29] 

Intimate relationship 

satisfaction 

questionnaire 

It contains two self-reported questions related to partner and sexual 

satisfaction. The scoring for each item ranges from very dissatisfied 

(0) to very satisfied (10). 

Costs The direct costs included patients’ medication, health care, and 

other resources (such as time in seeking/receiving care and post-

treatment recovery time). The costs of medication and health 

service utilisation will be calculated from the medical records using 

market prices. The indirect cost estimates of economic losses due to 

spending time on screening, examinations, and treatment are based 

on hourly wages per capita. [30] 
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Table S4. Interview guide 

Roles Research questions Main topics Probing questions 
Patients  Can you talk about how you 

felt when you heard this 
diagnosis? 

Attitudes to HPV How would you prioritize goals as it 
relates to your HPV treatment? 

 Do you have any concerns regarding 
your treatment? If so, what are they? 

Could you tell me about your 
experience of the treatment 
you received?  

Treatment choices Can you name the initial treatment you 
received? Did you have any other 
treatment? 
Can you tell me a little bit about the 
conversation you had with your doctor 
about your treatment? 
What were the reasons for choosing the 
treatment you did? 

What made you decide to 
change your treatment? 

Nonadherence to treatment  What do you think the main reason is 
for these changes? 
Could you give some examples? 
Procedures? 
Something else? 

Service 
providers 

What do you know about the 
screen-and-treat approach 
guidelines recently issued by 
WHO? 

Familiarity with guideline What did you do when you got the most 
recently updated guideline? 
How did the screen-and-treat approach 
differ from that in the previous ones? 

Can you talk about how you 
make treatment decisions? 

Treatment choices What information has helped the 
treatment decision-making? 
Can you tell me a little bit about the 
conversation you had with your 
patients about their treatment 
decisions? 

What are the reasons for 
treatment deviation from the 
current WHO guidelines? 

Nonadherence to guideline Could you tell me why you didn't 
follow the WHO guidelines? 
What barriers have you encountered 
when you implementing the WHO 
guideline in your hospital?  
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