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36 ABSTRACT

37

38 Introduction: The aim of this study was to determine if variation in transvaginal ultrasound 

39 examination rates in Danish general practice populations is associated with ovarian cancer 

40 outcomes, and to explore the impact of the introduction of a cancer patient pathway for ovarian 

41 cancer. Material and methods: We performed a national register-based cohort study of 

42 gynecological cancer-free women aged 40 years or above, living in Denmark, and listed with a 

43 specific general practitioner in 2004-2014. Practice populations were divided into quartiles 

44 according to the general practitioners’ transvaginal ultrasound propensity in the preceding year. 

45 Associations between transvaginal ultrasound rates and ovarian cancer outcomes were analysed 

46 using Poisson and logistic regression. Results: We included 2769 general practices with 1 739 

47 422 listed women of whom 5325 were diagnosed with ovarian cancer during the study period. 

48 Practices varied two-fold in transvaginal ultrasound rates before and after the implementation of 

49 the cancer patient pathway. Before the cancer patient pathway was introduced, women listed 

50 with practices with the highest transvaginal ultrasound rates were diagnosed with earlier stages 

51 of ovarian cancer (odds ratio: 1.38, 95% confidence interval; 1.06 to 1.81) and had a higher 

52 proportion of borderline tumors (incidence rate ratio: 1.38, 95% confidence interval; 1.10 to 

53 1.75) compared to women least exposed to transvaginal ultrasound. After the cancer patient 

54 pathway, no significant differences were identified between the groups. Conclusions: Before the 

55 cancer patient pathway, the most transvaginal ultrasound-exposed women were significantly 

56 more likely to be diagnosed with early stage ovarian cancer compared to the least transvaginal 
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57 ultrasound-exposed. After the cancer patient pathway was implemented, the difference 

58 disappeared. This suggests that increased awareness and access to transvaginal ultrasound is 

59 useful for diagnosing early-stage ovarian cancer. 

60

61 Keywords

62 transvaginal ultrasound, ovarian cancer, ovarian neoplasms,  cancer patient pathway, diagnosis, 

63 general practice, ultrasonography, urgent referral

64

65 Abbreviations:

66 OC ovarian cancer

67 GP general practitioner 

68 TVUS transvaginal ultrasound 

69 CPP cancer patient pathway 

70 BOT borderline ovarian tumor 

71 DGCD Danish Gynecological Cancer Database 

72 IRR incidence rate ratio

73 Q quartile

74 CI confidence intervals

75

76 Key Message

77 Ovarian cancer survival varies greatly depending on the stage at diagnosis. We found that better 

78 access to transvaginal ultrasound in general practice may ensure early diagnosis of ovarian 

79 cancer and improve prognosis. 

80

81

82 INTRODUCTION

83

84 Ovarian cancer (OC) survival rates and prognosis are poorer in Denmark than in other 

85 comparable nations with similar health care systems (1). More than 60% are diagnosed at stages 

86 III-IV with five-year survival rates of 15-30% compared to survival rates of 71-88% at stages I-II 

87 (2). As no screening program among low-risk women has yet proven effective (3), the most 

88 realistic opportunity for early diagnosis is identification of symptomatic women. 
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89

90 OC is generally known as a ‘hard-to-suspect’ cancer (4) as it often presents with vague non-

91 specific symptoms, which may be attributed to other more common benign conditions (5). 

92 Symptoms that may represent underlying OC are commonly seen in general practice (6), and OC 

93 is one of the cancers with most potentially avoidable delay (7). Approximately 95% of the 

94 women who attend general practice have experienced a potential OC symptom within the past 

95 year (5). However, a general practitioner (GP) will on average see only one new OC case every 

96 sixth year. The low prevalence combined with the complex symptomatology challenges the 

97 diagnosis. 

98 The primary imaging for gynecological symptoms is transvaginal ultrasound (TVUS), which in 

99 Denmark is performed by gynecologists only. If a Danish GP suspects OC, the woman can be 

100 referred directly to TVUS through the standardized cancer patient pathway (CPP) for OC. This 

101 CPP was implemented in Denmark in 2009 to expedite the diagnostic work-up, improve the 

102 prognosis and increase patient satisfaction (8). 

103 Health care in Denmark is free (tax-funded), and 98% of all citizens are listed with a specific 

104 general practice that must be contacted for medical advice, except for emergencies (9). Around 

105 94% of OCs are diagnosed after symptomatic presentation to a GP, who act as gatekeepers to the 

106 specialized health care system (10). Therefore, TVUS is only available to Danish women with a 

107 referral from a GP which underlines the key role general practice plays. However, the general 

108 practices may have different levels of access to TVUS, and the use may also vary between them, 

109 which may have consequences for OC stage at diagnosis.

110

111 The aim of this study was to determine if variation in TVUS rates in Danish general practice 

112 populations before (2004-2008) and after (2009-2013) the introduction of the CCP for OC was 

113 associated with OC incidence, OC stage at diagnosis, borderline ovarian tumor (BOT) incidence, 

114 and 1- and 2-year relative survival.

115

116 MATERIAL AND METHODS

117

118 We performed a national register-based ecological cohort study including data collected in 2004-

119 2014. General practices were ranked into four groups based on their yearly TVUS rates (adjusted 

120 for calendar year, patient age, educational level, marital status, ethnicity, health care region and 

121 comorbidity) and divided into two cohorts: the ‘before CPP’ cohort (until 2008) and the ‘after 
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122 CPP’ cohort (after 2008). GPs’ TVUS propensity was used as exposure, and the association with 

123 OC outcomes in the women who developed OC in the subsequent year was explored. 

124

125 The study population was created using the Danish Civil Registration System. All Danish 

126 citizens are assigned a unique personal identification number at birth or immigration, and this 

127 number enables accurate linkage of individual-level information in national registries, including 

128 data on immigration, emigration, and vital status (11). In the Patient List Register, information 

129 about practice affiliation at any given time and change of practice was obtained. This enabled us 

130 to calculate the exact contribution of person-years and identify selected practice characteristics.

131

132 Women without a diagnosis of gynecological cancer who were living in Denmark and listed with 

133 a general practice were included between 1 January 2004 and 31 December 2014 if aged ≥ 40 

134 years or from when they turned 40 years during the study period, whichever occurred last. All 

135 cases of gynecological cancers categorised according to the International Classification of 

136 Disease (ICD-10), i.e. codes C48, C51-58 and D39.1, were identified in the Danish Cancer 

137 Registry, which contains records on all cancers diagnosed in Denmark since 1943 (12). 

138

139 Women were censored from the study upon death, emigration, leaving the list system, or when 

140 diagnosed with a gynecological cancer, whichever occurred first. Only general practices that 

141 remained active during a period of at least one full calendar year and had more than 100 person-

142 years in total were included.

143

144 Exposure

145 TVUS examinations were identified in the Danish National Patient Register through specific 

146 procedure codes for all examinations conducted at the hospital (13). TVUS performed by a 

147 private practicing gynecologist were identified in the Danish National Health Insurance Service 

148 Register (14), which is used for remuneration purposes.

149

150 Outcome measures 

151 The Danish Cancer Registry was used for information on OC and BOT incidences, date of 

152 diagnosis and patient age at diagnosis. 

153

154 Stage at diagnosis was identified in the Danish Gynecological Cancer Database (DGCD). The 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

155 database was established in 2005 and holds clinical data on tumor, treatment and patient 

156 characteristics. Reporting to the database is mandatory for specialists in gynecological oncology 

157 and for pathologists, and the coverage is around 97% (15-17).

158

159 Disease stage at diagnosis was categorised based on the International Federation of Gynecology 

160 and Obstetrics (FIGO) classification. We analysed stage at diagnosis as the proportion of cases 

161 with stages I-II combined (early) and stages III-IV combined (advanced). 

162

163 The relative survival was calculated as the survival of OC patients relative to the survival if they 

164 had been subject to the background mortality, given the same birth year and calendar year. 

165 National life tables with information on mortality in the general population were available from 

166 Statistics Denmark.

167 The date of death was retrieved from the Danish Civil Registration System (11). 

168

169 Covariates

170 We included comorbidity expressed as Charlson Comorbidity Index (CCI) (Appendix S1), age, 

171 ethnic origin, educational level, marital status, health care region and calendar year as covariates 

172 in the analyses. The covariates were chosen because they might affect GPs’ decision to refer to 

173 TVUS or affect women’s health seeking behavior and because they might be associated with OC 

174 stage at diagnosis. Appendix S2 provides a detailed description of the covariates including 

175 definitions. 

176

177 Statistical analyses

178 The analyses were done in two steps. In step 1, (exposure) practices were ranked and divided 

179 into four groups (quartiles (Q)) based on the GPs’ TVUS propensity in the preceding year 

180 (Figure 1). This propensity was calculated for the individual practices yearly from 2004 to 2013 

181 as an observed/expected ratio defined as: observed number of TVUS divided by the expected 

182 number. The expected number of TVUS was calculated using Poisson regression model and 

183 adjusted for the potential predictors of TVUS use. 

184

185 Women who had a TVUS were quarantined from the analysis of TVUS-examination activity for 

186 60 days to prevent including repeated TVUS examinations.

187
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188 The analysis was done for the periods ‘before CPP’ (2005-2009) and ‘after CPP’ (2010-2014). 

189 Women listed with practices with the lowest TVUS rates formed the reference group (Q1). 

190

191 In step 2 (outcomes), we estimated the association between TVUS quartiles and OC outcomes. 

192 The incidence rate ratios (IRRs) were calculated for comparison of OC incidences and BOT 

193 incidences between the quartiles using Poisson regression adjusted for confounders. One-way 

194 analysis of variance was used to compare age at diagnosis between the quartiles. OC stage was 

195 compared between the groups using an adjusted logistic regression model. 

196

197 To investigate the effect of missing data, we performed a sensitivity analysis by employing 

198 multiple imputation of missing information for stage. The procedure was based on multinomial 

199 logistic regression including one-year survival since diagnosis (in days) and covariates in the 

200 year of diagnosis. 

201

202 Relative survival was estimated using the Ederer II method and age standardized using the 

203 International Cancer Survival Standard weight distribution, which was slightly modified to our 

204 age groups (18). We calculated the excess mortality rate ratios using a Poisson model adjusted 

205 for confounders. For survival, women were followed until 1 January 2011 in the ‘before CPP’ 

206 cohort and January 1, 2016 in the ‘after CPP’ cohort.

207

208 Robust variance estimation was used to account for possible cluster effects at practice level. 

209 Adjusted models included calendar year, patient age, educational level, marital status, ethnicity, 

210 health care region and Charlson Comorbidity Index score. All analyses were carried out using 

211 the statistical software Stata 14.

212

213 Ethical approval

214 The project (ID: 255) has been approved and registered in the Record of Processing Activities at 

215 the Research Unit for General Practice in Aarhus in accordance with the provisions of the 

216 General Data Protection Regulation (GDPR). According to the Research Ethics Committee of 

217 the Central Denmark Region, the study did not require approval (file no.: 42/2016).

218

219 RESULTS 
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220

221 Transvaginal ultrasound examination rates 

222 We included 2769 general practices (2500 ‘before CPP’ and 2366 ‘after CPP’) with 1 739 422 

223 listed women contributing with 15 093 274 person-years (Figure 2). 

224

225 From before to after implementation of the CPP, the overall crude TVUS rate increased from 

226 90.0/1000 to 102.9/1000 person-years. This corresponded to an increase of 21.5%, 18.2%, 13.6% 

227 and 6.9% in Q1, Q2, Q3 and Q4, respectively (Table 1 and Figure 3). The likelihood of having a 

228 TVUS was 2.06 (95% confidence intervals (CI); 2.00 to 2.12) and 1.92 (95% CI; 1.87 to 1.97) 

229 fold higher among practices that examined the most (Q4) compared to practices that examined 

230 the least (Q1) ‘before CPP’ and ‘after CPP’, respectively (Table 1).

231

232 The practice populations were comparable with regard to age, educational level, marital status, 

233 ethnicity and comorbidity. However, for health care region in the ‘before CPP’ cohort, we 

234 observed a tendency toward more GPs from the Capital Region of Denmark and less from the 

235 North Denmark Region formed Q4 (Table 1). Less than 0.35% of TVUS were performed at 

236 private hospitals (data not shown). 

237

238 Ovarian cancer incidence and stage

239 A total of 5325 women were diagnosed with first-time OC during the study period (2740 ‘before 

240 CPP’ and 2585 ‘after CPP’) (Figure 2). For both cohorts, there was no statistically significant 

241 difference in OC incidence between Q1 and the other quartiles (Table 2). 

242

243 Data on stage was available for 2275 (83.0%) in the ‘before CPP’ cohort and 2097 (81.1%) in 

244 the ‘after CPP’ cohort. The proportion of early stage OCs was higher in Q4 compared to Q1 in 

245 the ‘before CPP’ (odds ratio: 1.38, 95% CI; 1.06 to 1.81). This difference was not present after 

246 the introduction of the CPP (odds ratio: 1.05, 95% CI; 0.79 to 1.40) (Table 2). Across the 

247 quartiles in the ‘before CPP’ cohort, the odds ratios showed a trend towards increasing chance of 

248 early stage diagnosis (p=0.012), while no trend was observed in the ‘after CPP’ cohort 

249 (p=0.750). 

250

251 Borderline ovarian tumor incidence

252 In total, 1,356 women were diagnosed with a BOT (Table 2). In the ‘before CPP’ cohort, women 
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253 in Q4 practices had a statistically significantly higher BOT incidence (IRR: 1.38, 95% CI; 1.10 

254 to 1.75) than women in Q1 practices (Table 2). In the ‘before CPP’ cohort, the IRRs showed an 

255 increasing trend for BOT incidence (p= 0.035) from Q1 to Q4, which was not seen for the ‘after 

256 CPP’ cohort (p=0.706).

257

258 Relative survival and excess mortality rate ratios

259 Median follow-up on OC women was 2.3 years (range: 0-7 years) in the ’before CPP’ cohort and 

260 2.4 years (range: 0-7) in the ‘after CPP’ cohort. For both cohorts, the 1- and 2-year relative 

261 survival was lower in Q1 than in Q4. In both cohorts, the excess mortality rate ratios showed no 

262 statistically significant difference between the quartiles (Table 2). Moreover, all-cause mortality 

263 in Q4 was statistically significantly lower than in Q1 (IRR: 0.95, 95% CI; 0.93 to 0.97) in the 

264 ‘before CPP’ cohort and in the ’after CPP’ cohort (IRR: 0.95, 95% CI; 0.93 to 0.97) (data not 

265 shown). 

266

267 DISCUSSION

268

269 An increase in the use of TVUS was seen across all groups during the study period, and the two-

270 fold variation in TVUS remained unchanged. Among practices with the highest TVUS use, OCs 

271 diagnosed prior to the implementation of the CPP had significantly lower risk of advanced stage, 

272 and more BOTs were diagnosed compared to practices with the lowest rates. After introduction 

273 of the CPP, this difference disappeared. 

274

275 To our knowledge, this is the first study to investigate the variation in TVUS use in general 

276 practice populations and the consequences for OC outcomes. For gastro-esophageal cancer, a 

277 recent study found that patients assigned to practices with low referral rates to gastroscopy were 

278 at higher risk of poorer outcomes (19). In line with this, we found a significant trend across 

279 quartiles towards earlier diagnosis of OC in women listed with a practice with higher TVUS 

280 rates. However, this was only evident in the period before the CPP. This suggests that easier and 

281 standardized access to and use of TVUS may lead to less inequality in OC outcomes and clearly 

282 supports the debated hypothesis that earlier detection of OC may lead to earlier stage diagnosis 

283 (20).

284
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285 Variation in referral rates among GPs is largely unexplained. Patient, GP and practice 

286 characteristics explain less than half of the variations. Availability of specialist care affects 

287 referral rates, but the extent is unknown (21). Noone et al. found that the opening of a hospital 

288 significantly increased referral rates to gynecologists (22). Similarly, we identified increased use 

289 of TVUS in all groups after the introduction of the CPP. Throughout the study period, general 

290 practices located in the Capital Region of Denmark, where the accessibility to private practicing 

291 gynecologists is up to 7-fold higher than in other regions, had significantly higher use of TVUS 

292 compared to other regions.

293

294 Downstream effects of increased use of TVUS could be detection of non-malignant tumors. 

295 Surveillance bias might have influenced this study as we saw a significant increased diagnosis of 

296 BOTs in the period prior to CPP introduction. As BOTs may progress to invasive carcinomas 

297 and cannot be distinguished clinically from malignant tumors, this is an important finding (23). 

298

299 Recent large randomized controlled OC screening trials have not been able to demonstrate an 

300 effect on mortality (3), which leaves early identification of symptomatic cancer as the best 

301 chance for earlier diagnosis. Symptom-triggered investigation has been reported in a prospective 

302 study in the US (24). Although the number of OCs were small, they identified a higher 

303 proportion of early-stage OCs during follow-up than expected from national statistics. This 

304 suggests that increased symptom awareness in women and their GPs might lead to earlier 

305 diagnosis. Similarly, a Canadian study reported potential benefits of increased awareness of 

306 symptoms combined with fast assessment by TVUS and CA125 (25). They found a higher 

307 proportion of low-volume cancers compared to those diagnosed through usual care, leading to 

308 increased chance of tumor resection and survival advantages (26). The National Institute of 

309 Clinical Excellence in the UK recommended in 2011 that symptoms suspicious for OC were 

310 CA125 tested in general practice and emphasize urgent referral within 2 weeks for abnormal test 

311 results. Potential benefits on mortality of this implementation are still awaited, but no stage shift 

312 has been noted (27). 

313

314 In Denmark, the CPP for OC was implemented in 2009; it recommends direct referral to TVUS 

315 without initial testing in primary care for women presenting high-risk signs (8). In the present 

316 study, we were unable to link an overall stage shift to the implementation of the CPP. This is 

317 echoed by a Danish study investigating potential beneficial effects of the CPP implementation as 
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318 they found no difference in gynecological tumor stages across time (28). However, this might be 

319 biased by stage migration due to better imaging (29). 

320

321 The CPPs primary focus on high-risk signs may reflect late stages. Our results indicate that 

322 increased access to and use of TVUS may lead to earlier-stage diagnosis of the majority of OCs 

323 presenting with vague non-specific symptoms.

324

325 The major strengths of the study include high statistical precision, data completeness and high 

326 validity of nationwide registers. The Danish Civil Registration System enabled complete 

327 inclusion and restriction of individuals and accurate linkage at individual level (11, 12, 15). The 

328 design was further strengthened through accurate risk time calculation as change of general 

329 practice, emigration, diagnosis of cancer, and death were registered with a specific date. 

330

331 Data on OC incidence was obtained through the Danish Cancer Registry. Using the DGCD for 

332 OC incidence did not affect our results (data not shown). Thus, misclassification are unlikely to 

333 explain our results. 

334

335 OC stage data was collected from the DGCD, which is reported to have high validity (17) as data 

336 are triangulated by gynecologists, pathologists and oncologists (30). Data on stage was missing 

337 for 17.0% ‘before CPP’ and for 18.9% ‘after CPP’. Multiple imputation did not alter our results. 

338

339 A limitation was that data was aggregated at practice level with averages of TVUS rates for 

340 groups of practices. This will mask wider variation, which may lead to an underestimation of the 

341 variation and subsequently of the association. However, excluding the 2.5% with the highest and 

342 lowest TVUS rates did not affect our results (data not shown).

343

344 Women who underwent TVUS were given a quarantine period of 60 days. We tested the effect 

345 of using zero and 118 days. This did not change our results (data not shown). 

346

347 We used rates of TVUS from the preceding year to determine the association with stage at 

348 diagnosis in the subsequent year. Hence, the TVUS rates were independent of diagnosed OCs. 

349 This reduced the influence of confounding by indication. However, when using an ecological 
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350 measure as exposure, there is a risk of ecological fallacy. Therefore, we cannot conclude that 

351 more TVUS in itself leads to improved OC outcomes.

352

353 The nationwide design holds the opportunity to generalize the results to other health care settings 

354 with GPs serving as gatekeepers, but differences in access may influence the association between 

355 TVUS rates and OC outcomes. 

356

357 CONCLUSION

358

359 A two-fold variation was seen in the use of TVUS between the practices with the highest and 

360 lowest use of TVUS. This variation was unaffected by the implementation of the CPP, but the 

361 use of TVUS increased after the introduction of the CPP. Before the CPP, we saw a strong 

362 tendency towards increased chance of early-stage OC and BOT diagnosis in women listed at a 

363 practice with high TVUS use. This disappeared after the CPP implementation. Thus, the CPP 

364 may have contributed with easier access to TVUS and raised OC awareness. As OC symptoms 

365 presented to general practice are often vague non-specific, our study indicates that better access 

366 to TVUS may lead to diagnosis at earlier stages. Hence, future studies should explore the 

367 benefits and drawbacks of increased awareness of OC in combination with lowered threshold for 

368 referral to TVUS for symptomatic women presenting in general practice. 

369
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456 Legends of supporting information

457 Appendix S1: Diagnoses used for calculation of Charlson Comorbidity Index (CCI) score (the 

458 Quan version¹). Gynaecological cancer diagnoses were not included when calculating the CCI 

459 score.

460 Appendix S2: Definition of covariates.

461

462 Figure legends

463 Figure 1: Schematic presentation of the exposure calculation. Yearly transvaginal ultrasound 

464 rates are calculated (grey dotted lines) and used as exposure in the quartiles in the following year 

465 (black solid lines).

466

467 Figure 2: Flowchart for included women and practices. Observation time in years. The boxes on 

468 the left and right indicate exclusion. TVUS, transvaginal ultrasound;  CPP, cancer patient 

469 pathway; OC, ovarian cancer.  
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471 Figure 3: Proportion of practices and corresponding transvaginal ultrasound examination rates. 

472 TVUS, transvaginal ultrasound;  CPP, cancer patient pathway.
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Before (2005-2009) After (2010-2014)

Total Q1 Q2 (95% CI) Q3 (95% CI) Q4 (95% CI) Total Q1 Q2 (95% CI) Q3 (95% CI) Q4 (95% CI)

Person-years 6 616 065 1 470 515 1 817 289 1 854 725 1 473 536 6 808 857 1 442 093 1 899 817 1 911 980 1 554 967

TVUS examinations

  Number 595 186 93 469 139 849 168 588 193 280 700 494 111 459 172 792 198 056 218 187

  Crude rate (TVUS/1000

person-years)

90.0 63.6 77.0 90.9 131.2 102.9 77.3 91.0 103.6 140.3

  IRR, unadjusted Ref. 1.21 (1.17-1.25) 1.43 (1.38-1.48) 2.06 (1.97-2.16) Ref. 1.18 (1.14-1.22) 1.34 (1.29-1.39) 1.82 (1.73-1.90)

  IRR, adjusted¹ Ref. 1.28 (1.25-1.31) 1.53 (1.50-1.56) 2.06 (2.00-2.12) Ref. 1.25 (1.23-1.28) 1.47 (1.44-1.50) 1.92 (1.87-1.97)

Patient characteristics

  Age, mean (sd), years 60.1 (13.5) 60.2 (13.6) 60.0 (13.5) 60.1 (13.5) 60.2 (13.6) 60.6 (13.4) 60.6 (13.4) 60.5 (13.4) 60.5 (13.4) 60.7 (13.5)

  Educational level (%)²

    < 10 years 42.2 44.3 43.0 42.4 39.0 35.6 36.9 36.3 35.3 33.8

    10-15 years 38.0 37.7 38.0 38.0 38.6 41.3 41.1 41.3 41.3 41.4

    >15 years 19.7 18.0 19.0 19.7 22.3 23.2 21.9 22.5 23.5 24.8

  Marital status (%)

    Married/cohabitating 58.3 59.0 59.2 58.3 56.6 57.8 57.7 58.2 58.2 56.8

    Single 41.7 41.0 40.8 41.7 43.4 42.2 42.3 41.8 41.8 43.2

  Ethnicity (%)

    Immigrant 5.8 5.4 5.5 5.8 6.8 6.4 6.5 6.1 6.2 7.0

    Danish 94.2 94.6 94.5 94.2 93.2 93.6 93.5 93.9 93.8 93.0

  Charlson Comorbidity Index (%)³

    0 79.7 80.3 80.0 79.6 79.0 78.2 78.6 78.4 78.3 77.5

    1-2 16.7 16.3 16.4 16.8 17.3 17.6 17.3 17.4 17.5 18.1

    ≥3 3.6 3.5 3.5 3.6 3.7 4.2 4.1 4.2 4.2 4.4

 Health care region

Table 1. Characteristics of women aged 40 years or more according to transvaginal ultrasound (TVUS) examination rate in quartiles; Group 1 the 25% with the 

lowest TVUS examination rate and group 4 the 25% with the highest rate (bold numbers represent statistical significance).
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   Capital Region of Denmark 28.4 33.3 25.0 23.8 33.6 28.5 36.6 27.6 23.0 29.0

   Region Zealand 15.8 13.9 15.6 17.1 16.6 15.9 16.2 16.2 16.7 14.2

   Region of Southern Denmark 22.6 24.5 25.0 21.8 18.8 22.5 20.4 21.0 22.9 22.3

   Central Denmark Region 22.1 19.2 22.3 24.4 21.7 22.3 20.4 23.2 23.4 21.4

   Northern Denmark Region 11.1 9.0 12.1 13.1 9.2 10.9 6.4 12.0 14.0 9.8

Table 2. Ovarian cancer outcomes (before and after introduction of the cancer patient pathway  for ovarian cancer  according to transvaginal 

ultrasound (TVUS) examination rate in the four practice groups. Q1 with the lowest TVUS examination rate and Q4 with the highest TVUS examination 

rate (bold numbers represent statistical significance)

Before (2005-2009) After (2010-2014)

Total Q1 Q2 (95% CI) Q3 (95% CI) Q4 (95% CI) Total Q1 Q2 (95% CI) Q3 (95% CI) Q4 (95% CI)

Ovarian cancer incidence

No. women 2740 612 715 810 603 2585 570 703 711 601

IRR, unadjusted Ref. 0.94 (0.85-

1.05)

1.04 (0.94-

1.16)

0.97 (0.87-1.09) Ref. 0.93 (0.83-1.04) 0.94 (0.84-

1.05)

0.97 (0.86-1.09)

IRR, adjusted Ref. 0.95 (0.85-

1.05)

1.05 (0.94-

1.16)

0.98 (0.87-1.09) Ref. 0.94 (0.84-1.05) 0.94 (0.84-

1.06)

0.96 (0.86-1.08)

Age at diagnosis, mean 

(sd)

66.4 (11.9) 66.3 (11.7) 66.0 (12.1) 66.3 (11.3) 67.0 (12.5) 67.7 (11.6) 67.7 (11.5) 67.5 (11.6) 67.8 (11.5) 67.9 (11.7)

Stage at diagnosis (%) 

Number 2275 496 603 675 501 2097 458 572 575 492

Stage I-II 30.5 28.4 29.0 30.1 34.7 29.0 28.8 29.0 28.7 29.3

Stage III-IV 69.7 71.6 71.0 69.9 65.3 71.0 71.2 71.0 71.3 70.7

Stage I-II, unadjusted OR Ref. 1.03 (0.79- 1.08 (0.84- 1.34 (1.02-1.75) Ref. 1.01 (0.77-1.32) 0.99 (0.76- 1.02 (0.77-1.35)

Abbreviations: CI: confidence interval, IRR: incidence rate ratio, sd: standard deviation.

¹ Adjusted analyses include age, educational level, marital status, ethnicity, Charlson Comorbidity Index, Health care region and calendar year.

² Information missing for 6.4 %. Women with missing educational level were included in the lowest educational level.

³ Comorbidity was based on Charlson Comorbidity Index but without including gynaecological cancer diagnoses.
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- Death before start date: 1391 women

- Moving from Denmark before or at start date: 8331 women

- Moving to Denmark after start date: 195 women

- Entry and censoring on the same day: 1 woman

- Not listed with general practice at start date: 16 841 women

- Previous diagnosis of gynaecological cancer: 21 792 women

1.34) 1.40) 1.30)

Stage I-II, adjusted OR Ref. 1.00 (0.77-

1.30)

1.12 (0.86-

1.44)

1.38 (1.06-1.81) Ref. 1.05 (0.79-1.38) 1.05 (0.80-

1.37)

1.05 (0.79-1.40)

Stage I-II, unadjusted OR, 

with MI

Ref. 1.02 (0.79-

1.31)

1.08 (0.84-

1.40)

1.32 (1.02-1.71) Ref. 0.99 (0.76-1.31) 0.99 (0.76-

1.29)

1.05 (0.80-1.37)

Stage I-II, adjusted OR, 

with MI

Ref. 1.00 (0.77-

1.29)

1.10 (0.85-

1.44)

1.36 (1.05-1.77) Ref. 1.01 (0.76-1.33) 1.03 (0.79-

1.35)

1.07 (0.81-1.42)

Borderline tumour incidence

No. women 665 124 195 172 174 691 149 193 194 155

IRR, adjusted Ref. 1.27 (1.01-

1.61)

1.10 (0.87-

1.39)

1.38 (1.10-1.75) Ref. 0.97 (0.79-1.20) 0.97 (0.78-

1.20)

0.95 (0.76-1.19)

Relative survival

1 year 0.71 (0.68-0.74) 0.69 (0.60-

0.75)

0.72 (0.64-

0.77)

0.73 (0.66-

0.79)

0.71 (0.62-0.77) 0.76 (0.72-

0.79)

0.74 (0.65-

0.81)

0.75 (0.67-0.81) 0.77 (0.70-

0.83)

0.78 (0.70-0.84)

2 years 0.57 (0.53-0.61) 0.57 (0.48-

0.65)

0.57 (0.49-

0.64)

0.58 (0.50-

0.65)

0.58 (0.49-0.66) 0.61 (0.57-

0.65)

0.61 (0.51-

0.68)

0.60 (0.52-0.67) 0.60 (0.52-

0.68)

0.64 (0.55-0.72)

Excess mortality rate ratios 

1 year Ref. 0.88 (0.71-

1.10)

0.82 (0.66-

1.02)

0.92 (0.74-1.15) Ref. 1.00 (0.79-1.27) 0.89 (0.70-

1.13)

0.83 (0.65-1.07)

2 years Ref. 0.99 (0.83-

1.18)

0.93 (0.78-

1.11)

0.96 (0.80-1.16) Ref. 1.01 (0.84-1.23) 0.99 (0.82-

1.19)

0.88 (0.72-1.07)

Abbreviations: CI: confidence interval, sd: standard deviation, IRR: Incidence rate ratio, OR: odds ratio, MI: Multiple imputation for stage at diagnosis

Adjusted analyses include age, educational level, marital status, ethnicity, Charlson Comorbidity Index, health care region and calendar year.

Women aged ≥40 years, living in Denmark,

 and listed with a practice at one time point

in the study period of 2004-2014

(n = 1 788 946)

2004-2013: Calculation of transvaginal ultrasound rates 

Figure 1: Schematic presentation of the exposure calculation. Yearly transvaginal ultrasound rates are calculated (grey dotted 

lines) and used as exposure in the quartiles in the following year (black solid lines). 

Figure 2. Flowchart for included women and practices. Observation time in years. The boxes on the left and right indicate exclusion. CPP, cancer patient pathway. OC, ovarian cancer.
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OC women: 2740

Practices: 1400

OC women: 2585

Practices: 1356

Study population

Women: 1 739 422

Practices: 2769

Observation time: 15 093 274

v

v

- Practices existing for less than 1 year and women only   

nregistered with these: 155 practices; 739 women

- Practices with less than 100 observation years in total and 

nwomen only registered with these: 18 practices; 26 women

- Practices with non-coherent observation time and women 

nonly registered with these: 3 practices; 55 women

- Practices started in 2014 and women only registered with 

nthese: 10 practices; 153 women

Period of 2004: 10 practices; 29 723 women

- Periods with no TVUS activity for preceding year: 

n87 women

- Women without OC and corresponding practices: 

P1010 practices; 1 559 913 women

v

vv

- Periods with no TVUS activity for preceding year: 

n401 practices; 71 women

- Women without OC and corresponding practices: 

P1059 practices; 1 526 253 women

Women: 1 740 395

Practices: 2955

Women: 1 709 699

Practices: 2759

Observation time: 13 779 025

‘Before CPP’

Women: 1 529 424

Practices: 2500

Observation time: 6 793 761

‘After CPP’

Women: 1 562 585

Practices: 2366

Observation time: 6 985 263
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Figure 3. Proportion of practices and corresponding transvaginal ultrasound (TVUS) examination rates. CPP, cancer patient pathway.
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Before (2005-2009) After (2010-2014) 

 

 Total Q1 Q2 (95% CI) Q3 (95% CI) Q4 (95% CI) Total Q1 Q2 (95% CI) Q3 (95% CI) Q4 (95% CI) 

Person-years 6 616 065 1 470 515 1 817 289 1 854 725 1 473 536 6 808 857 1 442 093 1 899 817 1 911 980 1 554 967 

TVUS examinations           

  Number 595 186 93 469 139 849 168 588 193 280 700 494 111 459 172 792 198 056 218 187 

  Crude rate (TVUS/1000 

person-years) 

90.0 63.6 77.0 90.9 131.2 102.9 77.3 91.0 103.6 140.3 

  IRR, unadjusted   Ref. 1.21 (1.17-1.25) 1.43 (1.38-1.48) 2.06 (1.97-2.16)  Ref. 1.18 (1.14-1.22) 1.34 (1.29-1.39) 1.82 (1.73-1.90) 

  IRR, adjusted¹  Ref. 1.28 (1.25-1.31) 1.53 (1.50-1.56) 2.06 (2.00-2.12)  Ref. 1.25 (1.23-1.28) 1.47 (1.44-1.50) 1.92 (1.87-1.97) 

Patient characteristics           

  Age, mean (sd), years 60.1 (13.5) 60.2 (13.6) 60.0 (13.5) 60.1 (13.5) 60.2 (13.6) 60.6 (13.4) 60.6 (13.4) 60.5 (13.4) 60.5 (13.4) 60.7 (13.5) 

  Educational level (%)²           

    < 10 years 42.2 44.3 43.0 42.4 39.0 35.6 36.9 36.3 35.3 33.8 

    10-15 years 38.0 37.7 38.0 38.0 38.6 41.3 41.1 41.3 41.3 41.4 

    >15 years 19.7 18.0 19.0 19.7 22.3 23.2 21.9 22.5 23.5 24.8 

  Marital status (%)           

    Married/cohabitating 58.3 59.0 59.2 58.3 56.6 57.8 57.7 58.2 58.2 56.8 

    Single 41.7 41.0 40.8 41.7 43.4 42.2 42.3 41.8 41.8 43.2 

  Ethnicity (%)           

    Immigrant 5.8 5.4 5.5 5.8 6.8 6.4 6.5 6.1 6.2 7.0 

    Danish 94.2 94.6 94.5 94.2 93.2 93.6 93.5 93.9 93.8 93.0 

  Charlson Comorbidity Index (%)³           

    0 79.7 80.3 80.0 79.6 79.0 78.2 78.6 78.4 78.3 77.5 

    1-2 16.7 16.3 16.4 16.8 17.3 17.6 17.3 17.4 17.5 18.1 

    ≥3 3.6 3.5 3.5 3.6 3.7 4.2 4.1 4.2 4.2 4.4 

 Health care region           

Table 1. Characteristics of women aged 40 years or more according to TVUS examination rate in quartiles; Group 1 the 25% with the lowest TVUS examination 

rate and group 4 the 25% with the highest rate (bold numbers represent statistical significance). 
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   Capital Region of Denmark 28.4 33.3 25.0 23.8 33.6 28.5 36.6 27.6 23.0 29.0 

   Region Zealand 15.8 13.9 15.6 17.1 16.6 15.9 16.2 16.2 16.7 14.2 

   Region of Southern Denmark 22.6 24.5 25.0 21.8 18.8 22.5 20.4 21.0 22.9 22.3 

   Central Denmark Region  22.1 19.2 22.3 24.4 21.7 22.3 20.4 23.2 23.4 21.4 

   Northern Denmark Region 11.1 9.0 12.1 13.1 9.2 10.9 6.4 12.0 14.0 9.8 
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Table 2. Ovarian cancer outcomes (before and after introduction of the CPP for ovarian cancer (OC)) according to TVUS examination rate in the four practice 

groups. Q1 with the lowest TVUS examination rate and Q4 with the highest TVUS examination rate (bold numbers represent statistical significance) 

Before (2005-2009) After (2010-2014) 

 

 Total Q1 Q2 (95% CI) Q3 (95% CI) Q4 (95% CI) Total Q1 Q2 (95% CI) Q3 (95% CI) Q4 (95% CI) 

Ovarian cancer incidence           

No. women 2740 612 715 810 603 2585 570 703 711 601 

IRR, unadjusted  Ref. 0.94 (0.85-1.05) 1.04 (0.94-1.16) 0.97 (0.87-1.09)  Ref. 0.93 (0.83-1.04) 0.94 (0.84-1.05) 0.97 (0.86-1.09) 

IRR, adjusted  Ref. 0.95 (0.85-1.05) 1.05 (0.94-1.16) 0.98 (0.87-1.09)  Ref. 0.94 (0.84-1.05) 0.94 (0.84-1.06) 0.96 (0.86-1.08) 

Age at diagnosis, mean 

(sd) 

66.4 (11.9) 66.3 (11.7) 66.0 (12.1) 66.3 (11.3) 67.0 (12.5) 67.7 (11.6) 67.7 (11.5) 67.5 (11.6) 67.8 (11.5) 67.9 (11.7) 

Stage at diagnosis (%)            

Number 2275 496 603 675 501 2097 458 572 575 492 

Stage I-II  30.5 28.4 29.0 30.1 34.7 29.0 28.8 29.0 28.7 29.3 

Stage III-IV 69.7 71.6 71.0 69.9 65.3 71.0 71.2 71.0 71.3 70.7 

Stage I-II, unadjusted OR  Ref.  1.03 (0.79-1.34) 1.08 (0.84-1.40) 1.34 (1.02-1.75)  Ref.  1.01 (0.77-1.32) 0.99 (0.76-1.30) 1.02 (0.77-1.35) 

Stage I-II, adjusted OR  Ref.  1.00 (0.77-1.30) 1.12 (0.86-1.44) 1.38 (1.06-1.81)  Ref.  1.05 (0.79-1.38) 1.05 (0.80-1.37) 1.05 (0.79-1.40) 

Stage I-II, unadjusted OR, 

with MI 

 Ref.  1.02 (0.79-1.31) 1.08 (0.84-1.40) 1.32 (1.02-1.71)  Ref. 0.99 (0.76-1.31) 0.99 (0.76-1.29) 1.05 (0.80-1.37) 

Stage I-II, adjusted OR,  

with MI 

 Ref.  1.00 (0.77-1.29) 1.10 (0.85-1.44) 1.36 (1.05-1.77)  Ref. 1.01 (0.76-1.33) 1.03 (0.79-1.35) 1.07 (0.81-1.42) 

Borderline tumour incidence          

No. women 665 124 195 172 174 691 149 193 194 155 

IRR, adjusted  Ref.  1.27 (1.01-1.61) 1.10 (0.87-1.39) 1.38 (1.10-1.75)  Ref. 0.97 (0.79-1.20) 0.97 (0.78-1.20) 0.95 (0.76-1.19) 

Relative survival           

1 year 0.71 (0.68-0.74) 0.69 (0.60-0.75) 0.72 (0.64-0.77) 0.73 (0.66-0.79) 0.71 (0.62-0.77) 0.76 (0.72-0.79) 0.74 (0.65-0.81) 0.75 (0.67-0.81) 0.77 (0.70-0.83) 0.78 (0.70-0.84) 

2 years 0.57 (0.53-0.61) 0.57 (0.48-0.65) 0.57 (0.49-0.64) 0.58 (0.50-0.65) 0.58 (0.49-0.66) 0.61 (0.57-0.65) 0.61 (0.51-0.68) 0.60 (0.52-0.67) 0.60 (0.52-0.68) 0.64 (0.55-0.72) 

Excess mortality rate ratios           

1 year  Ref.  0.88 (0.71-1.10) 0.82 (0.66-1.02) 0.92 (0.74-1.15)  Ref.  1.00 (0.79-1.27) 0.89 (0.70-1.13) 0.83 (0.65-1.07) 

2 years  Ref.  0.99 (0.83-1.18) 0.93 (0.78-1.11) 0.96 (0.80-1.16)  Ref.  1.01 (0.84-1.23) 0.99 (0.82-1.19) 0.88 (0.72-1.07) 
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Abbreviations: CI: confidence interval, sd: standard deviation, IRR: Incidence rate ratio, OR: odds ratio, MI: Multiple imputation for stage at diagnosis 

Adjusted analyses include age, educational level, marital status, ethnicity, Charlson Comorbidity Index, health care region and calendar year. 
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2004-2013: Calculation of transvaginal ultrasound rates  

2005-2014: Main study period 

Figure 1: Schematic presentation of the exposure calculation. Yearly transvaginal ultrasound (TVUS) rates are calculated (grey 

dotted lines) and used as exposure in the quartiles in the following year (black solid lines).  

aogs_13693_f1.pptx

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



- Death before start date: 1391 women 

- Moving from Denmark before or at start date: 8331 women 

- Moving to Denmark after start date: 195 women 

- Entry and censoring on the same day: 1 woman 

- Not listed with general practice at start date: 16 841 women 

- Previous diagnosis of gynaecological cancer: 21 792 women 

 

OC women: 2740 

Practices: 1400 

 

OC women: 2585 

Practices: 1356 

 

 

 

 

Women aged ≥40 years, living in Denmark, 

 and listed with a practice at one time point 

in the study period of 2004-2014 

(n = 1 788 946) 

Women: 1 740 395 

Practices: 2955 

Study population 

Women: 1 739 422 

Practices: 2769 

Observation time: 15 093 274 

 

Women: 1 709 699 

Practices: 2759 

Observation time: 13 779 025 

- Practices existing for less than 1 year and women only   

nregistered with these: 155 practices; 739 women 

- Practices with less than 100 observation years in total and 

nwomen only registered with these: 18 practices; 26 women 

- Practices with non-coherent observation time and women 

nonly registered with these: 3 practices; 55 women 

- Practices started in 2014 and women only registered with 

nthese: 10 practices; 153 women 

Period of 2004: 10 practices; 29 723 women 

‘Before CPP’ 

Women: 1 529 424 

Practices: 2500 

Observation time: 6 793 761 

‘After CPP’ 

Women: 1 562 585 

Practices: 2366 

Observation time: 6 985 263 

- Periods with no TVUS activity for preceding year:  

n87 women 

- Women without OC and corresponding practices:  

P1010 practices; 1 559 913 women 

Figure 2. Flowchart for included women and practices. Observation time in years. The boxes on the left and right indicate exclusion. OC = ovarian cancer. DK = Denmark.  

 

  

- Periods with no TVUS activity for preceding year:  

n401 practices; 71 women 

- Women without OC and corresponding practices:  

P1059 practices; 1 526 253 women 
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