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Simple Summary: The Pohar Perme Estimator (PPE) is the gold standard for estimating net survival,
however, few studies in the field of oncology have used this estimator. The PPE was identified as an
important epidemiological indicator, which is easy to implement, produces unbiased estimates of net
survival and allows comparison of survival between different populations. This scope review aims to
clarify the potential benefits of the Pohar Perme Estimator for calculating the net survival of patients
diagnosed with cancer and the justifications presented in the literature regarding the use, approach
and application of the method. With this review, we recognize the importance of PPE in the field of
oncology and we hope that it will be more used in the analysis of net survival, aiming to establish
control strategies and improve the survival of these patients.

Abstract: Population-based net survival is an important tool for assessing prognostic advances. The
unbiased Pohar Perme Estimator (PPE) was suggested in 2012 and soon established itself as the
gold standard for estimating net survival. This scoping review aims to know in which context this
estimator is being used in the oncology area, what the authors point out as a justification for its use,
and the limitations found. We searched PubMed, and the grey literature to answer the question:
Have studies involving patients diagnosed with cancer used the PPE to estimate cancer-specific
survival? How do they justify the use of the PPE and what are the limitations pointed out? Out
of 295 screened, 85 studies were included in this review. The two main characteristics of the PPE
mentioned by the studies as justification were the fact that it is an unbiased estimator (83.5%) and
that it produces comparable estimates among populations with different mortality rates from causes
other than cancer (36.47%). No study pointed to a limitation due to the use of PPE. As a conclusion,
the Pohar Perme Estimator is the gold standard for estimating net survival and should be more used
in oncology, especially when dealing with population-based studies where the follow-up time is long,
making high the probability of death from causes other than cancer.

Keywords: cancer survival; net survival; cancer registries; epidemiology; Pohar Perme Estimator

1. Introduction

Cancer is a non-communicable chronic disease widely recognized as a global health
problem for which effective solutions are lacking due to slow progress in the prevention and
control. The Global Burden of Disease (GBD) study was concerned with describing the burden
of 29 cancer groups in 195 countries based on data from 1990 to 2017, and with the aim of
providing necessary data for cancer control planning [1]. Global problems associated with
cancer include social and health care inequities related to cancer incidence and mortality. As a
result, most of the expected cancer deaths worldwide will occur in low- and middle-income
countries. Preventive measures and reliable survival estimates can contribute to better targeting
and controlling cancer deaths worldwide in the coming years [2,3].
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Survival analysis can be seen as a tool to monitor and control cancer, as it can help
set improvement goals and report progress in disease management in several domains.
In this context, overall survival (OS) is one of the most used measures, especially when
data comes from a sample of patients. The overall survival estimates the probability of
death from any cause, that is, it considers death as an event, regardless of its cause [4].
Thus, OS is influenced by the risk of death from causes other than the cancer under study,
especially when the population includes a high proportion of the elderly [3]. A high overall
survival may be due to fewer deaths from other causes or due to fewer deaths from cancer.
This influence limits the comparability of estimates between different countries. Thus, the
estimation of cancer-specific survival, that is, “the survival rate so far as the disease under
study is concerned” [5], adds important information to assess the behavior of the disease.

Cancer-specific survival can be estimated using widely known methods such as the
Kaplan–Meier estimator and the Cox model. However, to use these methods it is necessary
to know, for each patient, whether the death was from cancer or from another cause. Thus,
the concept of relative survival (RS) was introduced with the aim of estimating cancer-
specific survival without the need to know whether the observed death was due to cancer.
RS is particularly useful when survival data comes from population cancer registries, where
the cause of death may exist but may not be reliable. According to Ederer [6], the relative
survival allows estimating the proportion of cancer deaths controlling for the difference
in mortality from causes other than cancer [3]. Its main assumption is to consider that
the expected mortality of the general population correctly reflects mortality from other
causes (besides cancer) [7], that is, that cancer deaths are an insignificant proportion of all
deaths [8]. However, this assumption is debatable, especially in studies of more common
cancers or at more advanced ages, making the concept of net survival (NS) more adequate
in these cases [5]. Net survival assumes that the disease under study is the only possible
cause of death and is estimated by decomposing the observed hazard into the hazard to
the disease and that due to other causes. In summary, net survival and relative survival are
different ways of estimating specific survival.

In this context, in 2012, Pohar Perme proposed a non-parametric estimator (PPE) for
net survival that does not require modeling such as the other methods that were being
used until then [5]. The PPE assumes that the time from death to the disease and the time
from death to other causes are conditionally independent, given a known set of covariates.
In this case, it is considered that the risk due to other causes is caused by the mortality of
the population, and, thus, the observed risk is greater than the risk of the population, thus
leading to the idea of an unbiased estimator of net survival [5,9,10].

Despite the complexity in the definitions of survival analysis methods, PPE is the
method suggested in the literature for estimating disease-specific survival when the cause
of death is unknown [5]. Large-scale multinational survival studies such as SUDCAN e
CONCORD have used PPE. Given the absence of a review of this topic in oncology, this
scoping review was performed with the objective of mapping oncological studies that used
the PPE to know which context they are being used and what the authors point out as
justification for its use and the limitations found.

2. Methods

This study followed the proposal of a scoping review as recommended by the Joana
Briggs Institute (JBI) [11]. We chose to use scoping review because of its usefulness for
summarizing, disseminating, and mapping the fundamental concepts of a given method-
ology [12]. To construct the research question, we used the strategy population, concept,
and context: P = patients diagnosed with cancer, C = net survival, and C = cancer survival.
Based on these definitions, this review intends to answer the following question: Have
studies involving patients diagnosed with cancer used the PPE to estimate cancer-specific
survival? How do they justify the use of the PPE and what are the limitations pointed out?
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2.1. Search Strategy

The search was carried out in PubMed and grey literature such as Google Scholar,
dissertations and theses published in the CAPES repository and hand search of the ref-
erences of the studies resulting from the primary electronic search. It was guided by the
Medical Subject Headings (MeSH) descriptors “net survival” and “cancer survival”. We
felt that these two descriptors would capture most of the published literature to answer
our research question. Considering that the PPE was proposed in 2012, the search was
limited to the period from 1 January 2012 to 23 February 2022. No filters were applied to
the language or status of the publication.

To identify the studies included in this review, the Boolean operators “OR” and
“AND” were used to compose the search alternatives between each group of words and
to unite the different groups, respectively. The PubMed search terms were the following:
(cancer survival) AND (“net survival”); filters: from 2012 to 2022. The MeSH search terms
were the following: (“cancers” OR “cancerated” OR “canceration OR “cancerization” OR
“cancerized” OR “cancerous” OR “neoplasms” OR “neoplasms” OR “cancer” OR “cancers”)
AND (“mortality” OR “mortality” OR “survival”).

2.2. Selection Process

Searches obtained from electronic databases were merged using Zotero reference
manager. In the next stage, duplicate records were removed, and the studies selection was
carried out in two stages by two independent reviewers and potential disagreements were
resolved by a third reviewer. In the first stage, the titles and abstracts of the identified
references were evaluated according to the inclusion criteria. In the second stage, the
full-text evaluations of the selected studies confirm or not the inclusion in this review.

2.3. Data Collection

Data were extracted using an Excel spreadsheet created by the authors exclusively
for this study containing characteristics of the study (year of publication, country, type of
cancer, and objectives) and specific information related to this study objective (factors used
to justify the use of PPE, statistical software used to perform PPE, and limitations reported
by the authors of the included studies). Data extraction from three studies was performed
as a pilot test to guarantee the quality of the data collection.

2.4. Analysis of the Evidence and Presentation of the Results

The extracted data were summarized using absolute and relative frequencies and were
presented in a discursive manner throughout the results section.

3. Results

The results of the search, the selection process, and the reasons for exclusion are
presented in the study flow diagram (Figure 1). Some studies addressed other measures to
estimate net survival in addition to PPE. Following the objectives of this review, we will
present results only in relation to the use of PPE. Overall, 85 studies were included in this
scoping review.

Most of the included studies were published between 2015 and 2018, many (n = 52; 61%)
involve patients from different parts of the world and various types of cancer (n = 26; 31%).
The vast majority (n = 24; 28%) estimated the net survival at 5 years (Table 1). Detailed
information is provided in the Supplementary Materials (Table S1).
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Figure 1. PRISMA flowchart for study selection and review.

Table 1. Summary of the characteristics of the included studies.

Features of the Reviewed Studies n %

PUBLICATION YEAR
2010–2014 4 4.71
2015–2018 52 61.18
2019–2022 29 34.12
COUNTRIES
USA 12 14.12
France 12 14.12
Other European countries 12 14.12
Other countries 20 23.53
Worldwide 29 34.12
TYPES OF CANCER
Breast 5 5.88
Lung 4 4.71
Ovary 5 5.88
Colon 4 4.71
Prostate 4 4.71
Stomach/esophagus 5 5.88
Melanoma 5 5.88
Liver 4 4.71
Several cancers * 26 30.59
Others 23 27.06
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Table 1. Cont.

Features of the Reviewed Studies n %

FOLLOW-UP
1 and 3 years 6 7.1
1 and 5 years 20 23.5
1, 3, and 5 years 14 16.5
5 years 24 28.2
5 and 10 years 7 8.2
5, 10, and 15 years 5 5.9
More than 15 years of follow-up 2 2.4
Other combinations of segments 7 8.2

* Studies that evaluated more than one type of cancer were classified as having several cancers.

All included studies used data from population-based cancer registries and many
of them (n = 29; 34%) were global in scope to provide net survival estimates, trends, and
international variations in survival for various types of cancer. Among these studies are
world reference studies such as SURVMARK-2, CONCORD, and SUDCAN (Table S1).
Among studies that investigated a single type of cancer individually, breast, melanoma,
ovarian, and esophageal cancers were the most frequently analyses (n = 5; 6%), followed by
lung, colon, liver, and prostate cancer (n = 4; 5%).

The studies included were unanimous in pointing out that PPE is indicated for long
follow-ups when compared to other estimation methods, because the justification con-
verged in the fact that the longer the follow-up time, the longer the information censorship
mechanism, leading to biases in the estimation if other methods were used [9,13,14] In fact,
only six (7.1%) of the included estimated net survivals in less than 5 years elapsed since the
diagnosis of the cancer.

About statistical analysis, overall, 83 (97.6%) of the included studies included in this
review provided age-standardized estimates using the International Cancer Survival Standard
(ICSS) weights, and a large part was categorized into five age groups: 15–44, 45–54, 55–64,
65–74, and 75–99 years [15]. Pohar Perme’s approach to estimating net survival takes popula-
tion differences into account, and for that, the background mortality of the general population
is derived from life tables of each cancer registry containing all-cause mortality rates by sex,
age, and calendar year for the period analyzed in the respective jurisdiction [7,8,16]. The
variables most frequently observed in net survival estimates were age, period/year of
diagnosis, tumor stage, location/type of cancer, and country. Only 21% of the studies
assessed race/ethnicity.

To answer our research question, we categorized the justifications for the use of PPE
and the limitations pointed out by the authors. The summary of these results is presented in
Table 2 together with the result of the software used for the analysis of each study included.

Table 2. Distribution of included studies according to PPE use justification and limitations.

Results from Included Studies Header n ** % **

Justification for using the PPE
1. Unbiased estimator 71 83.53
2. Important epidemiological indicator 19 22.35
3. Comparability of estimates 31 36.47
4. Not available 14 16.47
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Table 2. Cont.

Results from Included Studies Header n ** % **

Limitations reported in the included studies
1. Follow-up time and vital status 10 11.76
2. Comparability and classification bias 41 48.20
3. Missing data 29 34.11
4. Sample size 17 20.00
5. Others 1 1.18
6. Not available 18 21.18
Software used to calculate PPE
STATA 31 36.47
R 11 12.94
SEER * Stat 19 22.35
SAS 1 1.18
Not available 23 27.06

** Studies may appear in more than one category.

3.1. Justification for Using the PPE

Most studies (n = 71; 83.53%) justified the use of the PPE because it is one of the only
two unbiased estimators for cancer-specific survival.

The second most cited justification (n = 31; 36.47%) is about the PPE allowing the
resulting survival estimates to be compared across countries, regions, or different periods
of time. According to its definition, the use of PPE considers, when calculating its estimates,
the risk of death of the population without cancer, thus allowing this comparability.

Another argument cited by 19 (22.35%) studies in this review is the fact that PPE has
been recognized as an important epidemiological indicator. This is because it estimates
specific cancer survival through the concept of excess mortality, that is, it eliminates
influences from causes of death other than cancer.

3.2. Limitations Reported in the Included Studies

Several limitations were mentioned by the authors of the studies included in this
review and are summarized below to try to understand the difficulties encountered in
applying the PPE. To find out which studies reported which limitations, see Table S1 of the
Supplementary Material.

3.2.1. Follow-Up Time and Vital Status

A total of 10 (11.76%) studies cited limitations in this category. Difficulties in detecting
cases in early screening, a lack of data on vital status, a short follow-up time, and a reduced
number of patients at risk for long follow-up periods were cited.

3.2.2. Comparability and Classification Bias

One of the potentialities of the PPE highlighted in the original paper is that it allows
survival estimates from different countries, regions, or time periods to be comparable. Despite
confirming this potential, 41 (48.20%) studies in this review pointed out as a limitation the
impossibility of comparing their results with others from other countries. However, none of
the justifications were related to the use of PPE, but rather to differences such as diagnostic
techniques, tumor classifications, and life tables not stratified by socio-economic variables,
among others. Another limitation cited as a justification to explain possible differences in cancer
survival estimates across countries is they may be due to inequalities in population cancer
registry practices, including differences in tumor categorizations, determinations of prognostic
factors, errors in death records, and inadequate or incomplete life tables.

3.2.3. Missing Data

A potential factor that can lead to problems in the interpretation of the results produced
by the PPE is the lack of data. In cancer studies, some prognostic factors are very important
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for a comprehensive understanding related to survival. In line with this explanation,
29 (34.11%) studies in this review cited the lack of information regarding prognostic factors
as a limitation of their work. Information on some variables were cited as scarce: staging at
diagnosis, type of treatment, histology, anatomical site, and cancer morphology.

3.2.4. Sample Size

To apply the PPE, it is necessary to estimate overall survival by group of patients
depending on factors such as age, sex, and race, among others. Therefore, when the
absolute number of cases is small, which is common for young patients, the estimates
produced by the PPE should be interpreted with caution. Authors of 17 (20.00%) studies
in this review emphasized difficulties in obtaining age-standardized estimates due to the
small sample size in certain groups of patients (sex and race).

3.3. Software

While most studies calculated the Pohar-Perme estimator using the stns command
implemented in Stata (n = 31; 36.5%), or the implementation method obtained in the SEER*Stat
program (n = 19; 22.3%), only 11 studies (12.94%) performed the analysis in the R program
using the relsurv package as indicated by the author of the Pohar Perme Estimator. It is also
worth mentioning that one study (1.18%) performed the analysis using the SAS program.

4. Discussion

Overall survival is the most used measure to understand the prognosis of cancer
patients. By considering death from any cause as the event of interest is therefore influenced
by the risk of death from causes other than cancer. In this sense, estimating cancer-specific
survival adds important information to access the behaviour of the disease. The PPE
estimates cancer-specific survival using the concept of net survival. Whether the specific
cause is cancer may be interpreted as cancer survival in the hypothetical situation in
which cancer of interest is the only possible cause of death [5]. To use the PPE, it is not
necessary to know the cause of death for each patient in the sample. In addition, it has
been suggested for comparisons of survival of different populations and is considered an
important epidemiological indicator. In this scoping review, we found 85 studies published
between 2012 and 2022 that used the PPE estimator to obtain net survival estimates for
cancer patients. The small number of studies found showed the paucity of research using
the PPE in the field of oncology. This may be since there are few population-based studies
in the field of cancer or the lack of dissemination of this methodology.

This review sought to understand the potential of the PPE by summarizing what
authors who have already used this estimator bring as a justification for using it. Most
authors of the studies in this review cited the fact that the PPE is an unbiased estimator. In
fact, being unbiased is the main characteristic of the PPE since the magnitude of the errors
imposed by the classical cancer specific-survival estimator through the relative survival
approach, namely, EDERER I, Ederer II and Hakulinen, can be very important. In addition,
the fact that the PPE is the only non-biased estimator makes it the preferred method for
estimating net survival [13].

Another important feature of the PPE cited by several studies in this review is its
suitability for producing estimates that can be compared between different populations.
The comparability power of the PPE meets the great interest of oncologists to assess their
efforts to improve cancer outcomes. The PPE assumes that the risk of death from other
causes is completely specified by overall mortality. Thus, it is built on the assumption of
excess risk, which allows for comparability between populations with different risks of
mortality from other causes [5].

Our review also shows that the limitations highlighted by studies in the field of
oncology that used the PPE are not limitations imposed by the estimator, but inherent
limitations of the use of data from population records and specificities of the oncology area,
such as the different ways of grouping types of cancer or staging at diagnosis.
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Finally, we must say that our study should be interpreted in the context of a scoping
review methodology that does not assess the quality of the included studies.

5. Conclusions

This review was able to demonstrate the usefulness of net survival in cancer studies
when estimated using PPE. No limitations regarding the use of PPE were pointed out by
the studies included in this scoping review and the justifications pointed out by the authors
are in line with studies that theoretically compare PPE with other estimators for specific
cancer survival. Thus, we suggest the Pohar-Perme estimator to estimate net survival in
oncology studies that are based on data from population records. We also emphasize that
the use of the Pohar-Perme estimator is easy to implement and that the estimates should be
standardized by age when the objective is to compare them with other populations, since
age is an important prognostic factor. We hope that the PPE will be more used in studies in
the oncology area, as it is an adequate epidemiological indicator to help establish control
strategies and improve the survival of these patients.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/cancers14143304/s1, Table S1: Description of studies in-
cluded in the scoping review according to title, Authorship/Year of publication, Country, Follow-up,
Objective, Justifications and Limitations.
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