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Abstract

Background: The incorporation of crossover in randomised controlled trials is accepted 
as an ethical obligation, especially in cancer clinical trials. The more common type of 
crossover is crossover allowance, which allows patients assigned to one arm to switch to 
another arm if there is an established benefit in the crossover arm. In contrast, crossover-
designed studies involve switching patients from all arms to a different arm as part of 
the study design. Crossover allowance may have advantages in patient recruitment and 
incorporating crossover after initial positive results fulfil ethical requirements. However, 
crossover can also contribute to confounding major endpoints of studies, such as overall 
survival or the second progression-free survival interval. For this reason, it is important 
to investigate and identify potential trends of crossover in clinical trials testing novel 
therapies. 

Methods: Data about cancer clinical trials were extracted from clinicaltrials.gov. The 
search query was limited to completed phase III studies in adult populations. Location 
was limited to the USA. Date range extended from 1990 to 2019. Search query included 
the terms: cancer; completed- recruitment status; age: 18–65+ years; sex: all; location: 
USA; and study phase: phase 3. Studies were then excluded if they were not randomised 
controlled trials (RCTs) with the primary purpose of treatment and if they did not test 
cancer-related interventions.

Results: A total of 744 clinical trials were identified. There were 459 RCTs aimed at treatment, 
and of those, 35 utilised crossover. The start dates of these crossover trials ranged from 1997 
to 2012. Thirty studies utilised crossover allowance. Prostate, breast and gastrointestinal 
stromal tumour cancers were the most represented cancer types in crossover studies. 
Among the 30 studies, the median proportion of patients who crossed over relative to the 
original arm assignment ranged from 2% to 88%, with a median of 57.5%. 

Conclusions: The proportion of identified clinical trials with crossover compared to those 
without is extremely small. Crossover in clinical trials studying cancer treatment does not 
appear to be a widespread practice. Even though statistical approaches to mitigate con-
founding exist, crossover can still skew accurate reporting of the impact of experimental 
therapies on overall survival. 
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Introduction

The term ‘crossover’ in randomised controlled trials traditionally describes a study design in which study participants are able to receive 
different treatments during different time periods of the study. Crossover is utilised in studies where the effects of the treatment are 
short-lived and do not permanently alter the process under study. They are best suited for trials that study the short-term outcomes of 
symptomatic, yet chronic diseases or conditions [1]. In the literature, the term ‘crossover’ can refer to two distinct processes in relation 
to trial design. The first and more common type is sometimes referred to as ‘treatment switching’, where patients from the control group 
are allowed to switch from one arm to the other arm if certain conditions are met, such as if a patient’s disease progresses and after an 
investigational drug is shown to have clinical superiority [2]. Most often, in this type of crossover, patients switch treatments from the 
standard of care to the experimental drug, but patients may also switch in the opposite direction (from experimental to standard of care) 
if the investigational drug is shown to be dangerous or harmful. In contrast to allowing for treatment switching, the second type of cross-
over is a type of study design that allows patients to act as their own controls by having patients in each arm switch to the other arms 
during the study period so that all patients receive all treatments included in the study [3]. Patients enrolled in these crossover-designed 
studies are scheduled to receive both treatments (in a two-arm study) sequentially, with the only difference between the groups being the 
order in which they receive the treatments. To differentiate the two types of crossover, we will use the terminology ‘crossover allowance’ 
and ‘crossover-designed’ to refer to studies that allow for treatment switching and studies that mandate crossover as part of their study 
design, respectively.

Studies with crossover allowance have many advantages and disadvantages. The incorporation of crossover allowance is often accepted as 
an ethical obligation, particularly in cancer randomised controlled trials (RCTs), preventing a scenario where patients are denied access to 
superior treatment. Crossover also increases patient recruitment [1, 4]. Patients are more likely to participate in a study where they have an 
opportunity to try an experimental treatment, particularly when early data may reveal it to be effective. However, crossover allowance can 
distort the outcomes of clinical studies. Particularly in cancer studies, crossover allowance can confound endpoints that are measured after 
the crossover event, such as the second progression-free survival (PFS2) interval or overall survival (OS) [1, 4–6]. 

Given the advantages and concerns about crossover allowance, it is important to investigate and identify potential trends of the study design 
in clinical trials testing new therapies. For the study of new and developmental drugs, crossover studies are extremely popular for the study 
of novel and developmental drugs. The utilisation of crossover in published RCTs is common as approximately a quarter of such studies have 
used the design in their protocols [5–7]. Crossover also seems to be becoming more common in oncology as cancer treatments become 
more promising. However, trends in crossover of clinical trials across all cancers are yet to be investigated. Here, we investigate the trend and 
proportion of crossover in phase III clinical trials for cancer treatment between the years 1990 and 2019. 

Methods

Trials included in the analysis were extracted from clinicaltrials.gov with the search criteria identified in Figure 1. The search query was 
limited to completed phase III studies in adult populations. Inclusion criteria represented trials using the search term ‘cancer’; status active 
or completed studies; trials conducted on adults or older adults within the USA; phase 3 trials; trials funded by NIH, US Fed, industry, or 
others; and trials with a start date between 1 January 1990 and 1 January 2019. Trials were restricted to randomised control trials with the 
primary purpose of treatment. We defined a randomised control trial as a prospective study assessing health-care interventions in human 
participants who were randomly allocated to study groups. We then further narrowed to those trials that were considered cancer-related. 
Drug and device interventions were included as defined by clinicaltrials.gov, excluding other interventions (behavioural, radiation, procedural, 
etc.). Study results of all remaining trials were reviewed on clinicaltrials.gov to determine whether crossover allowance occurred. Data on 
crossover information from the specified trials were then extracted from clinicaltrials.gov. Crossover information was collected from data on 
prospective methods and trial results (preliminary or complete) from clinicaltrials.gov or PubMed. Trials designated with a crossover study 
design were then divided into those with two arms and those with three or more arms. Two arm trials were further divided into categories of 
crossover allowance and crossover-designed studies. 
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Figure 1. Consort diagram on research method.

Results

A total of 744 clinical trials published between 1990 and 2019 were identified. Among them, 459 studies were RCTs with the primary 
purpose of treatment and 35 (4.7%) either allowed crossover or were designed as a crossover study. The start dates of these crossover 
trials ranged from 1997 to 2012, with three trials starting within a 4-year span of 1997–2000, six trials in 2001–2004, eight trials in 
2005–2008 and 18 trials in 2009–2012. Thirty-three of 35 crossover trials contained two experimental arms while the remaining two 
trials contained three or more experimental arms. Of the two-arm crossover trials, 28 were crossover allowance and five were crossover-
designed. The two crossover trials with at least three treatment arms were both crossover allowance. Prostate, breast and gastrointestinal 
stromal tumour cancers were the most represented cancer types in crossover studies. A list of all 35 crossover studies can be found in 
Supplemental Table 1.

The proportion of patients who crossed over in the 30 studies allowing crossover (28 two-arm studies and 2 three-arm studies) was exam-
ined (Table 1). For each crossover allowance study, the number of patients who crossed over was compared with the total number of patients 
assigned to the original arm before crossover. In all studies except one, this proportion was calculated by obtaining the number of patients 
crossing over to the experimental arm (PC) and dividing by the number of patients originally assigned to the reference arm (PR). The only 
exception was NCT01125566, in which patients in the experimental arm crossed over to the reference arm. The median PC:PR proportion 
was 57.5%, with a range of 2% to 88%. 
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Table 1. Studies allowing for treatment crossover.

Condition NCT number Patients in 
exp. arm

Patients in ref. 
arm (PR)

Crossover 
patients (PC) PC/PR Primary experimental 

intervention

Breast cancer

NCT00022672 103 104 58 56% Trastuzumab

NCT00435409 221 221 78 35% Sunitinib

NCT01125566 339 169 a75 22% Afatinib

Carcinoid tumour

NCT00412061 216 213 170 80% Everolimus

Colorectal cancer

NCT01103323 505 255 4 2% Regorafenib

Gastrointestinal stromal tumours

NCT00075218 243 118 103 87% Sunitinib

NCT00471328 165 83 67 81% Nilotinib

NCT01271712 133 66 NP -- Regorafenib

Hepatocellular Carcinoma

NCT00105443 299 303 47 16% Sorafenib

Melanoma

NCT01006980 337 338 84 25% Vemurafenib

NCT01227889 187 63 37 59% Dabrafenib

NCT01245062 214 108 70 65% Trametinib

Prostate cancer

NCT00974311 800 399 50 13% Enzalutamide

NCT01212991 872 845 234 28% Enzalutamide

NCT00699751 614 307 26 8% Radium-223 dichloride

NCT00887198 546 542 93 17% Abiraterone acetate

NCT00451958 210 204 135 66% Degarelix

Renal cell carcinoma

NCT00073307 451 452 299 66% Sorafenib

NCT00410124 277 139 111 80% Everolimus

Subependymal giant cell astrocytoma

NCT00789828 78 39 33 85% Everolimus

Thyroid cancer

NCT00984282 207 210 161 77% Sorafenib

NCT01321554 261 131 109 83% Lenvatinib

Chronic lymphocytic leukaemia

NCT01010061 238 118 NR Obinutuzumab

Cutaneous T-cell lymphoma

NCT01728805 186 186 136 73% Mogamulizumab
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Table 1. Studies allowing for treatment crossover. (Contd)

Diffuse large B-cell lymphoma

NCT01197560 54 57 29 51% Lenalidomide

Mantle cell lymphoma

NCT00117598 57 56 4 7% Temsirolimus

56 3 5%

Multiple myeloma

NCT00064038 100 98 42 43% Lenalidomide

NCT01311687 302 153 11 7% Pomalidomide

Myelodysplastic syndromes

NCT00003138 57 61 26 43% Erythropoietin + Filgrastim

Myeloproliferative neoplasms

NCT00952289 155 154 111 72% Ruxolitinib
aPatients crossed over from experimental arm to reference arm

Discussion

We found that 33 two-arm studies and two three-arm studies were either crossover allowance or crossover-designed studies. It appears that 
the number of crossover trials is greater in recent years, particularly after 2009, indicating that crossover is increasingly used. Despite the 
upward trend of crossover prevalence, these trials nevertheless represent a very small proportion of the total randomised trials we assessed. 
The prevalence of crossover studies in cardiology and nephrology has been reported to be 5.4% and 9.4%, respectively [8], and reviews of 
indexed RCTs in Medline and PubMed have reported a crossover prevalence ranging from 8.7% to 22% [9–11]. While not explicitly stated, 
it appears that these percentages represent crossover-designed studies. Based on the results of our analysis, the proportion of crossover 
trials in cancer treatment is similar to the crossover trial prevalence reported in cardiology and nephrology. However, when only examining 
crossover-designed studies, the proportion (0.7%) is much lower.

While crossover allowance may confer certain advantages such as providing patients with an ethical option, increased patient recruitment 
and improvements in outcome efficiency and statistical significance, our results indicate that it is not common practice in cancer phase III 
trials. Despite challenges resulting from confounding with crossover, there does not appear to be any bias in the literature against publishing 
results of crossover trials, as all of the crossover trials identified were successfully published.

It is important to note that the majority of crossover studies identified in this analysis were not crossover-designed, but rather allowed for 
crossover or treatment switching. This type of crossover is driven primarily by an ethical obligation not to withhold the treatment that has 
shown significant benefit. There is no ‘standard’ threshold that necessitates treatment switch, but study designs often allow patients to 
switch from the control to experimental arm should they experience progression of their disease, and if preliminary results indicate a statisti-
cally significant benefit of the experimental arm. In a study of afatinib plus vinorelbine in HER2+ metastatic breast cancer, the experimental 
arm (afatinib) was actually shown to have poorer OS compared to the control, and the independent data monitoring committee ended 
recruitment for the study and allowed crossover of the afatinib arm to the control after a benefit-risk assessment [12].

The relatively small number of crossover studies likely indicates that crossover has not skewed our understanding of effective therapies in 
the field of cancer on a macroscopic level. Within these identified studies, however, the impact of crossover on survival data is still unclear. 
The PC:PR proportion calculated for each study provides a perspective through which to view crossover allowance. Studies with a high PC:PR 
have a high proportion of patients switching treatment to the experimental arm, relative to the original number of patients starting in the 
reference arm. With a greater proportion of reference arm patients receiving presumably more efficacious treatment after crossover, it is rea-
sonable to expect that the overall survival of the experimental arm would be more heavily confounded. Specifically, in cancer trials, multiple 
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studies have shown that crossover allowance can skew study outcomes such as PFS2 and OS [4, 5, 13, 14]. This confounding is not limited to 
only crossover allowance, as any subsequent treatment can influence intent-to-treat estimates of the initial treatment effect [15]. As a result, 
intent-to-treat OS can be overestimated in the control arm, potentially underestimating the treatment benefit of the experimental arm.

Mitigating confounding from crossover can be achieved at the data analysis level through evolving statistical approaches. Rank-preserving 
structural failure time (RPSFT) and inverse probability of censoring weighted (IPCW) are statistical techniques that use different approaches 
to decrease survival bias from crossover [16]. RPSFT uses a structural model to estimate and remove the effect of crossover treatment on a 
patient’s survival time. IPCW operates by censoring patients at the time of crossover and relying on data from similar patients who did not 
crossover to estimate survival. These methods have been tested and applied [17–20] but nevertheless have their own limitations [16].

Strengths and limitations 

There are several important strengths and limitations of this study. Strengths include our search of clinicaltrials.gov during the study period 
to find studies that met our search conditions. We examined at a census of all randomised controlled trials and then narrowed our searches 
to trials of significance for this study. Moreover, we looked at a large sample size for the study and thus are confident that the results pro-
vide an accurate depiction of the trends in crossover. The main limitations of this study are due to the singular registry for clinical trials used 
in the search process, as well as including only trials with US locations. While clinicaltrials.gov is the largest clinical trials database, other 
trials found only in other sources were not included; while some international trials were not included in the analysis, larger multinational 
trials that included US involvement were captured by our search. For example, large phase III breast cancer trials in the early 2000s, such as 
MA.17 (NCT00003140), HERA (NCT00045032) and BIG 1-98 (NCT00004205), all included allowance for crossover, but did not have trial 
sites within the US [21–23]. In the HERA study, 888 of 1,697 patients (52.3%) in the observation arm crossed over to trastuzumab, similar to 
the median PC:PR found in US studies. Further investigation may examine the prevalence of crossover in non-US-based trials and whether 
crossover allowance is more or less common, as well as the cancer types that contain a relatively higher number of crossover studies inter-
nationally.

Conclusions

Crossover study designs have been a popular option in randomised clinical trials. However, the prevalence of crossover in cancer phase III 
trials is minimal but increasing. We hope that these results will prove helpful to investigators designing, managing and interpreting clinical tri-
als involving crossover for cancer drugs. The increasingly sophisticated statistical methods mitigating crossover bias are necessary now, more 
than ever, given the higher number of cancer RCTs with crossover allowance and persisting ethical obligation to patients. 

Funding statement

The authors declare that there was no funding for this study.

Conflicts of interest

None.

https://doi.org/10.3332/ecancer.2020.1142


Sh
or

t C
om

m
un

ic
ati

on

ecancer 2020, 14:1142; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2020.1142 7

References

 1. Prasad V and Grady C (2014) The misguided ethics of crossover trials Contemp Clin Trials 37(2) 167–169 https://doi.org/10.1016/j.
cct.2013.12.003 PMCID: 3981898

 2. Ishak KJ, Proskorovsky I, and Korytowsky B, et al (2014) Methods for adjusting for bias due to crossover in oncology trials Pharmaco-
economics 32(6) 533–546 https://doi.org/10.1007/s40273-014-0145-y PMID: 24595585

 3. Mittleman MA and Mostofsky E (2014) Exchangeability in the case-crossover design Int J Epidemiol 43(5) 1645–1655 https://doi.
org/10.1093/ije/dyu081 PMID: 24756878 PMCID: 4190513

 4. Prasad V (2013) Double-crossed: why crossover in clinical trials may be distorting medical science J Natl Compr Cancer Netw 11(5) 
625–627 https://doi.org/10.6004/jnccn.2013.0077

 5. Haslam A and Prasad V (2018) When is Crossover Desirable in Cancer Drug Trials and When Is It Problematic? (Oxford: Oxford University 
Press)

 6. Henshall C, Latimer NR, and Sansom L, et al (2016) Treatment switching in cancer trials: issues and proposals Int J Technol Assess Health 
Care 32(3) 167–174 https://doi.org/10.1017/S026646231600009X PMID: 27624983

 7. Chan A-W and Altman DG (2005) Epidemiology and reporting of randomised trials published in PubMed journals Lancet 365(9465) 
1159–1162 https://doi.org/10.1016/S0140-6736(05)71879-1 PMID: 15794971

 8. Inrig JK, Califf RM, and Tasneem A, et al (2014) The landscape of clinical trials in nephrology: a systematic review of Clinicaltrials.gov 
Am J Kidney Dis 63(5) 771–780 https://doi.org/10.1053/j.ajkd.2013.10.043 PMCID: 3988265

 9. Chan AW and Altman DG (2005) Epidemiology and reporting of randomised trials published in PubMed journals Lancet 365(9465) 
1159–1162 https://doi.org/10.1016/S0140-6736(05)71879-1 PMID: 15794971

 10. Odutayo A, Emdin CA, and Hsiao AJ, et al (2017) Association between trial registration and positive study findings: cross sec-
tional study (Epidemiological Study of Randomized Trials-ESORT) BMJ 356 j917 https://doi.org/10.1136/bmj.j917 PMID: 28292744 
PMCID: 6283391

 11. Yu LM, Chan AW, and Hopewell S, et al (2010) Reporting on covariate adjustment in randomised controlled trials before and after revi-
sion of the 2001 CONSORT statement: a literature review Trials 11 59 https://doi.org/10.1186/1745-6215-11-59 PMID: 20482769 
PMCID: 2886040

 12. Harbeck N, Huang CS, and Hurvitz S, et al (2016) Afatinib plus vinorelbine versus trastuzumab plus vinorelbine in patients with HER2-
overexpressing metastatic breast cancer who had progressed on one previous trastuzumab treatment (LUX-Breast 1): an open-label, 
randomised, phase 3 trial Lancet Oncol 17(3) 357–366 https://doi.org/10.1016/S1470-2045(15)00540-9 PMID: 26822398

 13. Latimer NR, Abrams KR, and Amonkar MM, et al (2015) Adjusting for the confounding effects of treatment switching—The BREAK-3 
Trial: dabrafenib versus dacarbazine Oncologist 20(7) 798–805 https://doi.org/10.1634/theoncologist.2014-0429 PMID: 26040620 
PMCID: 4492231

 14. Korn EL, Freidlin B, and Abrams JS (2011) Overall survival as the outcome for randomized clinical trials with effective subsequent 
therapies J Clin Oncol 29(17) 2439 https://doi.org/10.1200/JCO.2011.34.6056 PMID: 21555691 PMCID: 3107757

 15. Sheiner LB (2002) Is intent-to-treat analysis always (ever) enough? Br J Clin Pharmacol 54(2) 203–211 https://doi.org/10.1046/j.1365-
2125.2002.01628.x PMID: 12207643 PMCID: 1874399

 16. Ishak KJ, Proskorovsky I, and Korytowsky B, et al (2014) Methods for adjusting for bias due to crossover in oncology trials Pharmaco-
economics 32(6) 533–546 https://doi.org/10.1007/s40273-014-0145-y PMID: 24595585

https://doi.org/10.3332/ecancer.2020.1142
https://doi.org/10.1016/j.cct.2013.12.003
https://doi.org/10.1016/j.cct.2013.12.003
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3981898
https://doi.org/10.1007/s40273-014-0145-y
http://www.ncbi.nlm.nih.gov/pubmed/24595585
https://doi.org/10.1093/ije/dyu081
https://doi.org/10.1093/ije/dyu081
http://www.ncbi.nlm.nih.gov/pubmed/24756878
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4190513
https://doi.org/10.6004/jnccn.2013.0077
https://doi.org/10.1017/S026646231600009X
http://www.ncbi.nlm.nih.gov/pubmed/27624983
https://doi.org/10.1016/S0140-6736(05)71879-1
http://www.ncbi.nlm.nih.gov/pubmed/15794971
https://doi.org/10.1053/j.ajkd.2013.10.043
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3988265
https://doi.org/10.1016/S0140-6736(05)71879-1
http://www.ncbi.nlm.nih.gov/pubmed/15794971
https://doi.org/10.1136/bmj.j917
http://www.ncbi.nlm.nih.gov/pubmed/28292744
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6283391
https://doi.org/10.1186/1745-6215-11-59
http://www.ncbi.nlm.nih.gov/pubmed/20482769
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2886040
https://doi.org/10.1016/S1470-2045(15)00540-9
http://www.ncbi.nlm.nih.gov/pubmed/26822398
https://doi.org/10.1634/theoncologist.2014-0429
http://www.ncbi.nlm.nih.gov/pubmed/26040620
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4492231
https://doi.org/10.1200/JCO.2011.34.6056
http://www.ncbi.nlm.nih.gov/pubmed/21555691
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3107757
https://doi.org/10.1046/j.1365-2125.2002.01628.x
https://doi.org/10.1046/j.1365-2125.2002.01628.x
http://www.ncbi.nlm.nih.gov/pubmed/12207643
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1874399
https://doi.org/10.1007/s40273-014-0145-y
http://www.ncbi.nlm.nih.gov/pubmed/24595585


Sh
or

t C
om

m
un

ic
ati

on

ecancer 2020, 14:1142; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2020.1142 8

 17. Morden JP, Lambert PC, and Latimer N, et al (2011) Assessing methods for dealing with treatment switching in randomised controlled 
trials: a simulation study BMC Med Res Methodol 11 4 https://doi.org/10.1186/1471-2288-11-4 PMID: 21223539 PMCID: 3024998

 18. Branson M and Whitehead J (2002) Estimating a treatment effect in survival studies in which patients switch treatment Stat Med 
21(17) 2449–2463 https://doi.org/10.1002/sim.1219 PMID: 12205692

 19. Jonsson L, Sandin R, and Ekman M, et al (2014) Analyzing overall survival in randomized controlled trials with crossover and implica-
tions for economic evaluation Value Health 17(6) 707–713 https://doi.org/10.1016/j.jval.2014.06.006 PMID: 25236994

 20. Latimer NR, Abrams KR, and Lambert PC, et al (2018) Assessing methods for dealing with treatment switching in clinical trials: a follow-
up simulation study Stat Methods Med Res 27(3) 765–784 https://doi.org/10.1177/0962280216642264

 21. Breast International Group 1-98 Collaborative G, Thurlimann B, and Keshaviah A, et al (2005) A comparison of letrozole and tamoxifen 
in postmenopausal women with early breast cancer N Engl J Med 353(26) 2747–2757 https://doi.org/10.1056/NEJMoa052258

 22. Goss PE, Ingle JN, and Martino S, et al (2003) A randomized trial of letrozole in postmenopausal women after five years of tamoxifen 
therapy for early-stage breast cancer N Engl J Med 349(19) 1793–1802 https://doi.org/10.1056/NEJMoa032312 PMID: 14551341

 23. Piccart-Gebhart MJ, Procter M, and Leyland-Jones B, et al (2005) Trastuzumab after adjuvant chemotherapy in HER2-positive breast 
cancer N Engl J Med 353(16) 1659–1672 https://doi.org/10.1056/NEJMoa052306 PMID: 16236737

https://doi.org/10.3332/ecancer.2020.1142
https://doi.org/10.1186/1471-2288-11-4
http://www.ncbi.nlm.nih.gov/pubmed/21223539
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3024998
https://doi.org/10.1002/sim.1219
http://www.ncbi.nlm.nih.gov/pubmed/12205692
https://doi.org/10.1016/j.jval.2014.06.006
http://www.ncbi.nlm.nih.gov/pubmed/25236994
https://doi.org/10.1177/0962280216642264
https://doi.org/10.1056/NEJMoa052258
https://doi.org/10.1056/NEJMoa032312
http://www.ncbi.nlm.nih.gov/pubmed/14551341
https://doi.org/10.1056/NEJMoa052306
http://www.ncbi.nlm.nih.gov/pubmed/16236737

