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Abstract
Survival (overall, event free, etc.) is the most-used outcome in clinical oncology studies. This study analyzed methodologi-
cal reporting of survival analysis in pediatric leukemia studies, focusing on Cox proportional hazards (PH). We performed a 
systematic review of studies published between 2012 and 2021 in the five highest-ranking oncology and five highest-ranking 
hematology journals. The included studies had to focus on pediatric leukemia and utilize survival analyses. We extracted 
data on how the survival analysis methodology was reported and focused on Cox proportional hazards modeling and whether 
the PH assumption was checked. We screened 561 studies and included 103 in the analysis. The most-used crude survival 
analysis method was Kaplan–Meier, as 96 (94%) of the 103 studies applied it. Adjusted survival analysis was performed 
in 80 (78%) of the included studies, and the Cox PH model was used in 77 (96%) of these studies. The PH assumption was 
mentioned in 18 (23%) of the 77 studies that used the Cox PH model. Only nine studies (12%) stated how the PH assump-
tion was assessed. We noted 10 (13%) studies with possible violations of the PH assumption. Overall, we found a need for 
improvement in the reporting of survival analysis and especially PH assumption in pediatric leukemia studies. The Cox PH 
model was the most-used adjusted survival analysis method but checking of the background assumption was not reported 
in most of the studies.
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Introduction

Survival is a key outcome measure in oncological studies, 
and it is defined as the time from exposure to event [1–3]. 
The most common outcomes are overall survival, event-free 

survival, disease-free survival, relapse-free survival, and 
progression-free survival. The most-used crude survival 
estimation method is the Kaplan–Meier analysis, while the 
adjusted time-to-event analysis most often applied is the Cox 
proportional hazards (PH) regression model [4, 5].

The Cox PH model was introduced in 1972 and has since 
been among the most used survival analysis methods [6]. 
The most important background assumption in the Cox PH 
model is the proportional hazards assumption, meaning that 
the covariate-related hazard stays proportional over time 
[7]. Therefore, violation of the PH assumption may lead to 
biased estimates, as the hazard at one time point may not be 
equal to time-varying hazard at other time points [8]. The 
PH assumption can be tested in multiple ways, including the 
use of log-minus-log plots or scaled Schoenfeld residuals 
[9]. If the PH assumption is not met, the Cox PH model can 
be modified to meet the assumption in multiple ways, for 
example by using time-dependent coefficients or time-axis 
division [7, 9].

The Cox PH model has been criticized due to the math-
ematical and impractical nature of the proportionality 
assumption, which rarely holds in real life [10]. Therefore, 
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it has been discussed that the Cox model should be replaced, 
for example, by a restricted mean survival time analysis [11, 
12]. Alternatively, in certain conditions, authors may choose 
not to test the PH assumption, but this choice should be justi-
fied in the manuscript [8, 10].

The desired goal for medical research articles is reproduc-
ibility based on reporting by the authors. To this end, report-
ing guidelines have been created to uniform and improve 
the level of reporting [13, 14]. However, there is an ongo-
ing issue with poor reproducibility in medical science, with 
insufficient reporting of the methods used [15, 16].

The aim of this study was to evaluate survival analysis 
methods and their reporting, focusing on the Cox propor-
tional hazards model and proportional hazards assumption 
in pediatric leukemia studies.

Materials

We conducted a systematic methodological review of sur-
vival analysis methods and their reporting in pediatric leu-
kemia studies.

Search Strategy

A search strategy was created with the help of two informati-
cians from the Library of the University of Eastern Finland. 
We decided to focus on the five highest-ranked clinical oncol-
ogy and five clinical hematology journals, as we expected 
these to have high-quality reporting and that the studies they 
published have had the highest influence on treatments. We 
ranked the journals based on their impact factors in 2020, 
which were obtained from Clarivate analytics. The included 
journals were Lancet Oncology, Journal of Clinical Oncology, 
Annals of Oncology, JAMA Oncology, Journal of Hematol-
ogy and Oncology, Leukemia, Lancet Haematology, Blood, 
Blood Cancer Journal, and American Journal of Hematology.

As we used journal-based filtering, we used only the Pub-
Med database for the search process. To better reflect the cur-
rent state of reporting, we decided to include studies published 
during the previous 10 years (2012–2021). The complete 
search process is provided in Supplementary File 1. Our goal 
was to include at least 100 studies, and if that goal was not met 
after the initial screening, we were poised to include 5 addi-
tional years. The decision to aim for at least 100 studies was 
that there would be enough studies to be included to estimate 
the current reporting practices and quality.

Inclusion Criteria

We included all clinical or register-based studies conducted 
on humans, focused on leukemia and reporting survival, 
which is defined as a time-to-event outcome (including for 

example overall survival, event free survival). We included 
both retrospective and prospective studies. Furthermore, 
these studies should focus on pediatric patients (age 
0 – 17 years) at the time of the intervention. As some studies 
consisted of both children and young adults, we included 
only those where over 50% of the participants were children.

Exclusion Criteria

Our exclusion criteria were as follows: all studies performed 
on animals; editorials and letters to the editor; reviews that 
did not present original data; and reports focusing on adults 
(over 50% of the study population being aged 18 or more 
years). Studies that did assess only survival of a single group 
without any comparator group(s) were excluded.

Search Process

The search was performed on January 4, 2022. The search 
result was uploaded to Covidence software. Two authors 
independently screened titles and abstracts. Throughout the 
screening process, conflicts were decided by mutual consen-
sus or third-party opinion. All authors participated in this 
phase. Full texts were then assessed again by two authors 
independently.

Data Extraction and Outcome Measures

One author extracted the data to an Excel spreadsheet that 
was accepted by all authors. The most important extracted 
data are provided as Supplementary File 2, and all 
extracted data is available from the corresponding author. 
We extracted study years, number of patients, interven-
tion, main outcome, crude survival methods used, and 
adjusted survival methods used. We defined the adequate 
use of survival methods as follows: crude survival method 
was reported and presented graphically; adjusted survival 
method was named; and, if the Cox PH model was used, 
the checking of the PH assumption and its result were 
reported. If the PH assumption was violated, we checked 
whether the authors stated how this was considered in 
the adjusted model and what modifications were made. If 
the authors did not comment on the background assump-
tion, we labeled the PH assumption as possibly violated 
if the survival curves presented in the manuscript crossed 
clearly in the crude survival analysis. The crossing of the 
survival curves was assessed by three authors and labeled 
as (i) most likely PH violation, (ii) could cause PH vio-
lation, or (iii) no suspicion of PH violation. We sought 
mutual agreement for each of the suspected crossings. We 
focused on crossing of curves, as this is a cause or a sign 
of non-proportionality in the Cox PH model. We checked 
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supplementary files for additional information on statisti-
cal analyses if the authors mentioned supplements in the 
“Methods” section.

Permissions

Although we did not make a quantitative meta-analytic 
synthesis of the included papers, we performed our study 
process and data extraction systematically. Therefore, we 
have reported our manuscript according to the Preferred 
Reporting Item for Systematic Reviews and Meta-analyses 
(PRISMA) [17]. We provide the PRISMA statement in 
Supplementary File 3. Our study protocol was registered 
to PROSPERO (ID: CRD42022301378) and is available 
from https:// www. crd. york. ac. uk/ prosp ero/ displ ay_ record. 
php? ID= CRD42 02230 1378

Results

Our initial search retrieved 561 results and, after the screen-
ing of abstracts and full-text assessment, 103 studies were 
included in the analysis (Fig. 1). Most of the included stud-
ies were published in the Journal of Clinical Oncology 
(Table 1). The main interventions analyzed were genetics 
and treatment interventions. Most of the studies were pro-
spective, and 31 were randomized controlled trials.

The most-applied crude survival method was 
Kaplan–Meier, as 96 (94%) of the 103 studies used it. 
Kaplan–Meier curves were presented graphically in 91 of 
the 96 studies. Of these 91 studies, only four (4%) pre-
sented 95% confidence intervals in the Kaplan–Meier 
graph. We noted crossing of survival curves in at least 
one figure in ten (10%) studies of those that presented 

Fig. 1  Flow chart of the review 
process

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022301378
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graphical survival curves. Of these ten studies, one 
was RCT and nine were observational studies. As only 
some individual studies used methods other than the 
Kaplan–Meier and Cox PH models, we focused on Cox 
PH model reporting. Adjusted survival analysis was per-
formed in 80 (78%) of the included studies; in these, the 
Cox PH model was most used (77 studies, 96%). Of these 
77 studies, 18 (23%) were RCT. Other adjusted methods 
used were the Fine and Gray, Pohar Perme, and odds-ratio 
methods.

The PH assumption was mentioned in 18 (23%) of the 
77 studies that used the Cox PH model. Four (22%) of the 
RCTs and 14 (24%) of the observational studies. Only nine 
(12%) studies specifically stated how the assessment of the 
PH assumption was performed. Log-minus-log plots were 
used in three studies, log-time analysis in three studies, 
Schoenfeld residuals in two studies, and visual examina-
tion of survival curves in one study. Three studies stated 
that they had considered the PH assumption violation and 
used a time-dependent coefficient analysis for correction 
of the model.

We noted 10 studies with possible PH assumption 
violations and of these one was RCT. Two studies had 
clear violations, meaning that survival curves crossed 
clearly in Kaplan–Meier analysis, while eight studies 
most likely violated the PH assumption. In seven of 

these cases, the authors did not report or discuss the 
possibility of the non-proportionality of hazards.

Discussion

We examined the use and reporting of survival analy-
sis methods in pediatric leukemia studies over the past 
10 years. The most-applied crude survival analysis method 
was Kaplan–Meier, while the most-used adjusted survival 
method was Cox PH. The majority of the studies did not 
mention whether the PH background assumption was eval-
uated in the Cox PH model. An obvious or likely violation 
of the PH assumption was observed in 13% of the included 
studies. The reporting practices were similar regarding the 
PH assumption in RCTs and observational studies.

The reporting quality of Cox PH is not a new issue, 
as previous studies analyzing oncology and orthopedic 
studies have produced similar findings [9, 18–20]. How-
ever, this is to our knowledge the first study to examine 
the quality of survival method reporting in pediatric leu-
kemia studies. Although we found few cases with obvi-
ous or likely crossing of survival curves or violation of 
the PH assumption, the vast majority of the studies did 
not report survival methods with the expected detail. To 
improve reporting and methodological quality, greater 
awareness is needed. For example, the use of statisti-
cal editors and reviewers by journals would improve 
reporting quality [21]. Likewise, reporting guidelines 
have been shown to improve and uniform reporting [22].

Reproducibility is a key part of science, meaning that 
studies should be presented in such a detailed manner 
that the methods could be repeated by a reader [23]. 
This is a rather ambitious goal. In statistical reporting, 
however, certain key elements are required for evalua-
tion of the validity of results. For example, the basis of 
choices for statistical testing is important, and the Cox 
PH model is typically used under the PH assumption. 
In this scenario, the PH assumption should be checked, 
the testing methods named, and the handling of possi-
ble non-proportionality described. However, if authors 
do not present these details, readers are left wondering 
whether this was due to lack of knowledge or was an 
intentional decision made by the authors. One should 
bear in mind that in certain conditions, the Cox PH 
model may be applied regardless of the fulfillment of 
the PH assumption. Indeed, in reality, the expectation of 
continuously proportional hazards is biologically contro-
versial [10, 24]. However, ignorance of the PH assump-
tion should be an intentional and thoroughly justified 
choice with a careful consideration of the possibility of 
biased estimates due to the influence of time-varying 
covariate effects.

Table 1  Characteristics of the included studies

N %

Journal
 American Journal of Hematolgy 10 10
 Annals of Oncology 0 0
 Blood 28 27
 Blood Cancer Journal 3 3
 JAMA Oncology 0 0
 Journal of Clinical Oncology 37 36
 Journal of Hematology and Oncology 1 1
 Lancet Haematolgy 5 5
 Lancet Oncolgy 7 7
 Leukemia 12 12

Study design
 Prospective 77 75
 Clinical 95 92
 RCT 31 30

Intervention/Exposure
 Medicine or treatment 47 46
 Gene 29 28
 Laboratory parameters 19 18
 Patient related factors 8 8
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Violation of the proportionality issue often leads to 
biased estimates and therefore might result in mislead-
ing information regarding extremely important aspects, 
such as oncological treatments, and, in the worst-case sce-
nario, to wrong treatment decisions. Instead of Cox PH, 
alternative methods have been suggested. For example, 
the restricted mean survival time method has less restric-
tive background assumptions, and interpretation of the 
produced estimates is rather clear [25, 26]. Interestingly, 
majority of the studies did not present confidence intervals 
in the Kaplan–Meier graphs, which makes it practically 
impossible to interpret the uncertainty of the presented 
findings.

This study examined the quality of reporting of sur-
vival analysis methods in pediatric leukemia studies. 
We acknowledge that some authors may have checked 
the PH assumption but not mentioned this in the manu-
script. Hence, that a relatively low number of studies 
reported testing of the PH assumption does not neces-
sarily mean that it was ignored. Another minor limita-
tion of our study is that the evaluation of possible vio-
lations of the PH assumption was based on subjective 
visual examination of Kaplan–Meier survival curves 
instead of robust statistical testing, although visual 
examination is an excellent choice in some scenarios 
[27]. Therefore, we labeled probable cases of non-pro-
portionality “likely” or “clear” to avoid overestimating 
problems, as for example, in cases with low number of 
participants, it is hard to interpret whether the curves 
are crossing or overlapping. Further limitation is that 
the most likely our results underestimate the issue of 
incorrect reporting as we have focused on the top five 
cited journals of oncology and hematology, and thus 
these issues may be more common in less cited jour-
nals. The main strengths of this study are that we did 
not have protocol deviations and employed a system-
atic approach to the evaluation of the statistical method 
reporting of the included studies.

Conclusions

Reporting of survival analysis methods in the majority of 
pediatric leukemia studies published in the highest-ranked 
oncology and hematology journals was inadequate. The 
Cox PH model was the most-applied adjusted survival 
analysis, but evaluation of the background assumptions was 
rarely reported. We also found a few cases where crossing 
survival curves, representing obvious violations of the PH 
assumption, were presented without justification or adjust-
ment. Better statistical reporting is needed in pediatric leu-
kemia studies.
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