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Abstract

Background

Longer time intervals to diagnosis and treatment are associated with worse survival for vari-
ous types of cancer. The patient, diagnostic, and treatment intervals are considered core
indicators for early diagnosis and treatment. This review estimated the median duration of
these intervals for various types of cancer and compared it across high- and lower-income
countries.

Methods and findings

We conducted a systematic review with meta-analysis (prospectively registered protocol
CRD42020200752). Three databases (MEDLINE, Embase, and Web of Science) and
information sources including grey literature (Google Scholar, OpenGrey, EThOS, Pro-
Quest Dissertations & Theses) were searched. Eligible articles were published during
2009 to 2022 and reported the duration of the following intervals in adult patients diag-
nosed with primary symptomatic cancer: patient interval (from the onset of symptoms to
first presentation to a healthcare professional), diagnostic interval (from first presentation
to diagnosis), and treatment interval (from diagnosis to treatment start). Interval duration
was recorded in days and study medians were combined in a pooled estimate with 95%
confidence intervals (Cls). The methodological quality of studies was assessed using the
Aarhus checklist.

A total of 410 articles representing 68 countries and reporting on 5,537,594 patients were
included. The majority of articles reported data from high-income countries (n=294, 72%),
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with 116 (28%) reporting data from lower-income countries. Pooled meta-analytic estimates
were possible for 38 types of cancer. The majority of studies were conducted on patients
with breast, lung, colorectal, and head and neck cancer. In studies from high-income coun-
tries, pooled median patient intervals generally did not exceed a month for most cancers.
However, in studies from lower-income countries, patient intervals were consistently 1.5to 4
times longer for almost all cancer sites. The majority of data on the diagnostic and treatment
intervals came from high-income countries. Across both high- and lower-income countries,
the longest diagnostic intervals were observed for hematological (71 days [95% CI 52 to 85],
e.g., myelomas (83 days [47 to 145])), genitourinary (58 days [50 to 77], e.g., prostate (85
days [57 to 112])), and digestive/gastrointestinal (57 days [45 to 67], e.g., colorectal (63
days [48 to 78])) cancers. Similarly, the longest treatment intervals were observed for geni-
tourinary (57 days [45 to 66], e.g., prostate (75 days [61 to 87])) and gynecological (46 days
[38 to 54], e.g., cervical (69 days [45 to 108]) cancers. In studies from high-income coun-
tries, the implementation of cancer-directed policies was associated with shorter patient and
diagnostic intervals for several cancers.

This review included a large number of studies conducted worldwide but is limited by sur-
vivor bias and the inherent complexity and many possible biases in the measurement of
time points and intervals in the cancer treatment pathway. In addition, the subintervals that
compose the diagnostic interval (e.g., primary care interval, referral to diagnosis interval)
were not considered.

Conclusions

These results identify the cancers where diagnosis and treatment initiation may take the lon-
gest and reveal the extent of global disparities in early diagnosis and treatment. Efforts
should be made to reduce help-seeking times for cancer symptoms in lower-income coun-
tries. Estimates for the diagnostic and treatment intervals came mostly from high-income
countries that have powerful health information systems in place to record such information.

Author summary

Why was this study done?

o Cancer is a leading cause of death globally and timely diagnosis and treatment are con-
sidered essential for improving cancer outcomes.

o Three main intervals describe the time patients spend in the pathway to treatment of
cancer: the patient interval (from symptom start to first presentation to a healthcare pro-
fessional), the diagnostic interval (from first presentation to diagnosis), and the treat-
ment interval (from diagnosis to the start of treatment).

o The duration of these intervals could vary greatly depending on the type of cancer and
the socioeconomic level of the country.
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What did the researchers do and find?

o We conducted a systematic review with meta-analysis of the duration of the patient,
diagnostic, and treatment intervals in adult patients with diverse types of cancer.

« We included 410 articles representing 68 countries and reporting on 5,537,594 patients;
the majority of articles reported data from high-income countries (72%), with only 28%
reporting data from lower-income countries.

o Patient intervals in studies from lower-income countries were consistently 1.5 to 4 times
longer that patient intervals from studies from high-income countries for almost all can-
cer sites. The majority of data on the diagnostic and treatment intervals came from
high-income countries, and there was large variation according to the type of cancer.

What do these findings mean?

o These results identify the cancers where diagnosis and treatment initiation may take the
longest and reveal important global disparities in early diagnosis and treatment.

o Efforts should be made to reduce help-seeking times for cancer symptoms in lower-
income countries and conduct more research in lower-income contexts, especially on
the intervals to diagnosis and treatment.

o This review summarized a large number of studies conducted worldwide but is limited
by biases that could arise due to patient selection (e.g., only patients who survived a cer-
tain amount of time) and the difficulty of accurately measuring time intervals for past
events.

Cancer is a leading cause of death globally, accounting for nearly 10 million deaths worldwide
in 2020 [1]. Timely diagnosis and treatment are considered essential for improving cancer out-
comes [2]. In its guide to early cancer diagnosis, the World Health Organization considers
stage at the time of diagnosis and the duration of the patient, diagnostic, and treatment inter-
vals core indicators for early diagnosis and treatment [2]. These intervals are defined in the
Model of Pathways to Treatment [3,4] and together describe the entire duration of time spent
in the pathway to treatment of symptomatic cancer in a way applicable to most, if not all,
healthcare systems and cancer types. The patient interval describes the time from symptom
start to first presentation (i.e., the first presentation to a healthcare professional). The diagnos-
tic interval represents the time elapsed between first presentation and diagnosis, and the treat-
ment interval the time from diagnosis to the start of treatment [4]. The duration of these
intervals is likely a combination of time that is both necessary or unavoidable (e.g., need for
additional diagnostic workup; need for patients to recover and become physically fit to
undergo treatment) and time that is avoidable and should be reduced (e.g., presentation delays
due to ignorance or fear from cancer; scheduling delays due to an overburdened healthcare
system).

It is generally expected that longer interval duration is associated with worse cancer out-
comes such as later stage at diagnosis and higher mortality [2,5]. Consistent with this, there is
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evidence to suggest that shorter times to diagnosis are associated with better outcomes in
terms of stage at diagnosis and survival for breast, colorectal, head and neck, testicular cancers,
and skin melanoma, with less evidence for pancreatic, prostate, and bladder cancers [6-10].
Longer treatment intervals, even only a 4-week delay in surgery, systemic treatment, and/or
radiotherapy, are also associated with higher mortality for 7 cancers including bladder, breast,
colorectal, cervical, and head and neck cancers [11-15]. There is likely to be large variation
between cancers in terms of the benefit (or lack thereof) of shorter intervals. However, besides
“hard” oncological outcomes, we should consider that patients may generally appreciate and
benefit from timely diagnostic and treatment workup on other outcomes such as anxiety, emo-
tional distress, and quality of life [16].

The majority of the evidence on the effects of early cancer diagnosis and treatment on
patient outcomes comes from high-income countries [6,8,10-15]. It is thus not clear to what
extent waiting time thresholds established in higher-income contexts (e.g., for referral to spe-
cialist care or initiation of treatment) would have similar effects or be equally feasible in lower-
income countries [1,17,18]. For example, when it comes to the duration of intervals on the
cancer care pathway, previous research indicates that these vary greatly depending on not
only the type of cancer diagnosed [19] but also the socioeconomic level of the country [20]. To
illustrate, low-income countries are characterized by significantly longer patient intervals than
middle-income countries [20]. Common barriers to early diagnosis and care such as poor
health literacy, cancer stigma, lack of access to diagnostic tests and treatment services, and
financial, geographical, or logistical barriers are likely to be exacerbated in lower-income con-
texts, contributing to longer intervals on the cancer care pathway and worse patient outcomes
[2,20,21]. Longer times to diagnosis and treatment and later stage at diagnosis are likely some
of the multifactorial patient- and health system-driven causes of the larger cancer burden and
lower survivorship in lower-income countries [22].

Previous reviews have offered information about the duration of different intervals focusing
on specific cancers [23-26]. Another recent review reported on the duration of different inter-
vals for childhood and breast cancer in lower-income countries [20]. However, there has been
no review that offers an overview of the duration of the different intervals across different can-
cer sites and comparing high- and lower-income countries. Until recently, there was also no
validated methodology for reliably combining median interval duration data using meta-ana-
lytic techniques [27]. Hence, the goal of the current research was to conduct a systematic
review with meta-analysis of the duration of the patient, diagnostic, and treatment intervals in
adult patients with diverse types of cancer and to compare this duration between high- and
lower-income countries.

Method

We followed PRISMA 2020 guidelines in conducting and reporting the meta-analysis [28].
The review protocol was prospectively registered in PROSPERO with ID CRD42020200752.

Literature search

Following published recommendations for optimal database selection [29] and in close collab-
oration with the first author, a librarian designed and implemented a search strategy in MED-
LINE (via Ovid), Embase, and Web of Science (WOS)-Core Collection. The strategy was
initially designed for MEDLINE (Ovid), which combined MeSH terms and keywords, and
subsequently adapted for the rest of bibliographic databases including the use of EMTREE
controlled vocabulary in Embase database. Other sources of information were also explored to
identify grey literature (Google Scholar, OpenGrey, EThOS, and ProQuest Dissertations &
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Theses). The full search strategy, informed by the PRISMA-S extension [30], is available in S1
Text. The period searched was initially from January 1, 2009 to September 1, 2020 and was
then updated until May 19, 2022, following initial peer review. The starting date was chosen
based on (a) the date of publication of the Olesen Model [31] and the Model of Pathways to
Treatment [3], 2 seminal publications about the different intervals on the cancer care pathway;
and (b) with the purpose to include only fairly recent evidence. There were no restrictions by
language or country. Additional studies were identified by reviewing the reference lists of rele-
vant studies identified from the search.

Inclusion criteria

Studies reporting data on the length of any of the 3 intervals of interest for any cancer site in
adult patients with cancer presenting with primary cancers were included. The intervals were
defined according to the Aarhus statement [4]. The patient interval was defined as time from
the date of first symptom to the date of first presentation, i.e., first contact with a healthcare
professional. The diagnostic interval was defined as time from the date of first contact with a
healthcare professional to the date of diagnosis. Finally, the treatment interval was defined as
time from the date of diagnosis to the date of start of the first treatment. In the case of the
patient and diagnostic intervals, only studies of symptomatic patients were considered (i.e.,
excluding screening or accidentally detected cancers). As a minimum, studies had to report
the median or mean duration of the interval in days (weeks and months were converted to
days, multiplying by 7 and 30, respectively) and the number of patients.

Exclusion criteria

Studies not reporting the results of original work, qualitative studies not reporting interval
duration, studies reporting mostly on patients diagnosed with asymptomatic cancers (i.e.,
through screening), studies reporting mostly on patients with secondary/relapse cancer, stud-
ies reporting on children, adolescents, and/or young adults (defined as mean sample age <30
years), studies not reporting intervals for specific cancer sites, and studies reporting hypotheti-
cal intervals (e.g., help-seeking intervals from surveys with healthy populations) were excluded.
If studies reported intervals for periods after the start of the coronavirus pandemic, those were
excluded retaining only intervals prior to the pandemic. Systematic reviews and meta-analyses
were excluded, but, if relevant, their reference lists were manually searched to identify further
original studies.

Article selection

The Covidence software (https://www.covidence.org) was used for the systematic review man-
agement. Because we expected to identify a large number of abstracts for screening, to reduce
reviewer workload, we planned to perform the screening individually (i.e., that abstracts be
screened by 1 reviewer only), if we could establish that agreement between reviewers was suffi-
ciently high. To assess this, we performed independent and blind screening of 26% of the
abstracts by 2 reviewers. Agreement was satisfactory against the preestablished criterion of
>90% (i.e., agreement for the 10 pairs of reviewers varied between 87% and 100%), and, after
discussion of the disagreements, screening was continued individually.

The full text of selected studies was independently screened against the inclusion/exclusion
criteria by 2 reviewers blinded to each other’s decisions. Disagreements were documented and
resolved by discussion or a third reviewer. An exception was made for articles considered after
the literature search update, where the first author acted as an arbiter in case of disagreement.
Reasons for exclusion were documented.
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Data extraction

This was performed in the Covidence tool (study and population characteristics) and in a
spreadsheet (statistical results) by 2 reviewers. Disagreements were resolved through discus-
sion or a third reviewer (except for articles considered after the literature search update, where
the first author acted as an arbiter in case of disagreement). For each study, we recorded year
of publication, country, total number of patients, study setting, data sources, study design,
inclusion and exclusion criteria, cancer site, type of interval studied, and participant character-
istics. For each interval, the following statistical information was recorded if available (in
days): median, interquartile range, minimum, maximum, mean, standard deviation (SD), sam-
ple size (N), country, year of start and end of data collection (data were recorded separately for
different years if reported per year), cancer site, specific diagnosis, mode of diagnosis confir-
mation, and type of first treatment if specified (relative to the treatment interval). Because
many studies used the same large databases, after data extraction was completed, the first
author revised the resulting dataset to perform additional control for duplicate samples. When
2 studies reported interval data for the same cancer site and based on largely the same popula-
tion, the study with larger sample size and/or more inclusive criteria was retained.

Country socioeconomic indicators

To separate countries into high- and lower-income economies, 2 socioeconomic country indi-
cators were extracted for each study by an expert health economist: the gross national income
(GNI) and the Human Development Index (HDI) (see S2 Text for details). Following a previ-
ous meta-analysis [32], the indicators were extracted for each study according to the respective
country and year in which data were collected, to represent the country’s development during
the time of diagnosis and treatment.

In addition, to further explore variability within high-income countries only, we extracted
the Index of Cancer Preparedness (ICP): Policy and Planning [33]. This index offers a quanti-
tative measure of the quality of policies aimed to control cancer based on multiple indicators
such as the existence and comprehensiveness of a national cancer plan, cancer registries, poli-
cies regarding tobacco control, lifestyle and diet, and cancer research, among others (see S2
Text for details).

Risk of bias

This was evaluated using a short form of the “Aarhus checklist” [4] developed to assess the
quality of studies that measure intervals on the cancer treatment pathway. The checklist con-
tains questions regarding interval definitions, measurement, use of theoretical frameworks,
discussion of validity, biases, and limitations of measurement, among others. The checklist
was completed independently by 2 reviewers, and disagreements were resolved by a third
reviewer. Studies with scores <25% were considered high risk and studies with >75% low risk,
with the rest considered intermediate (see S3 Text).

Statistical analysis

As expected, the most often reported statistic for the duration of the intervals was the median,
and meta-analysis was conducted with the “metamedian” package (v.0.1.5) in R (v.4.1.1) and
following McGrath and colleagues [27]. Specific study medians (or means in a minority of
occasions, when medians were not reported, as per McGrath and colleagues [27]) were com-
bined in a pooled median, and 95% confidence intervals (CIs) were calculated [27]. The meta-
analytical methods available for medians do not provide an estimate of heterogeneity;
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however, we used the “median of medians” method, which is more suitable for heterogenous
data [27].

Specific cancer sites were further grouped following the categorization of the National Can-
cer Institute [34] into the following main cancer groups: acquired immunodeficiency syn-
drome (AIDS)-related, breast, digestive/gastrointestinal, endocrine/neuroendocrine,
genitourinary, gynecologic, head and neck, hematologic/blood, musculoskeletal, neurologic,
respiratory/thoracic, skin, and unknown primary.

To investigate to what extent pooled medians were different as a function of country level
indicators, several approaches were used. First, stratified meta-analyses were performed for
high- versus lower-income countries (high versus lower GNI and higher versus lower HDI). In
the case of HD], the higher versus lower groups were created using k-means clustering (i.e., the
groups were based on their “natural” grouping based on k = 2 centroids). This method was cho-
sen because of the skewed distribution of the HDI variable, which would result in artificial
grouping using other methods such as creating equal-count groups. Second, differences in
interval duration (in number of days) between studies conducted in high- and lower-income
countries were estimated based on Wilcoxon rank sum tests, generating a 95% CI for the esti-
mated differences. Third, these analyses were complemented with a random-effects meta-
regression analysis in the “metafor” (v.3.0.2) package in R [35]. In this analysis, the study-spe-
cific medians were declared as a “GEN” measure, and studies were weighed analogous to
weighting in the “metamedian” package (proportional to the number of subjects and normal-
ized). The GNI group (high versus lower) and the HDI score (continuous and centered at the
mean) were individually tested as moderators. We extracted p-values for the moderator tests
and the percentage of variance explained by the moderator (R?). To further explore variability
within high-income countries only, we conducted analogous analyses using the ICP: Policy and
Planning index only considering studies conducted in high-income countries (based on GNI).

To compare and estimate the relative contribution of the different intervals, following pre-
vious studies [19], we calculated the ratios between the different intervals. Specifically, because
the diagnostic interval was the longest interval for the majority of cancers, following methods
by Bonett and Price [36], we calculated the ratios of the diagnostic to the patient interval (DI/
PI), the diagnostic to the treatment interval (DI/TT), and the patient to the treatment interval
(PI/TT) with their respective 95% CI. This was only done for studies that reported the duration
of all 3 intervals in the same sample of patients and intervals were considered to be signifi-
cantly different when the 95% CI for their ratio excluded 1.

Sensitivity analysis included repeating the main analysis after excluding studies with high
risk of bias according to the Aarhus checklist and after excluding studies that did not report
the median and the mean was therefore imputed as median (even though the “metamedian”
package can reliably estimate a pooled median when the mean is reported instead of the
median for a small proportion of studies, in our case, this was n = 52 (14%), n = 15 (5%), and
n =70 (15%) for the patient, diagnostic, and treatment interval, respectively). However, using
means as medians can introduce bias when means are not a good approximation of the medi-
ans (i.e., due to a skewed distribution), and, hence, we wanted to investigate if the inclusion of
means introduced such bias in the analyses.

Results

Initially, 12,140 records were retrieved and 410 articles were finally included in the review. Fig
1 shows a detailed flow chart of the review selection process. All studies excluded at the full
text stage are listed in S1 Table along with individual reasons for exclusion. Full bibliographic
details of the included studies are available in S2 Table.
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Fig 1. PRISMA flow chart of the study selection process. *Missing information was not requested from authors.

https://doi.org/10.1371/journal.pmed.1004110.g001

The articles reported data from 68 countries (see Fig 2 and S3 Table), the most frequently
represented being the United States (22%), United Kingdom (8%), Canada (7%), and the
Netherlands, Denmark, Australia, and Spain (4% each). The majority of articles reported data
from high-income countries (294 or 72%), with 116 (28%) reporting on lower-income coun-
tries: 48 (12%) reporting data on upper-middle, 43 (10%) on lower-middle, and 24 (6%) on

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004110  October 20, 2022 8/27


https://doi.org/10.1371/journal.pmed.1004110.g001
https://doi.org/10.1371/journal.pmed.1004110

PLOS MEDICINE Meta-analysis of the patient, diagnostic, and treatment intervals

Number of studies

[ T N

6-10
>10

Fig 2. Choropleth map of countries represented in the systematic review according to the number of studies in which each country is represented.
The base layer map is obtained in R via ggplot2::map_data(“world”), which imports the world map from Natural Earth, which is in the public domain
and available from https://www.naturalearthdata.com, with terms of use available in http://www.naturalearthdata.com/about/terms-of-use/.
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low-income countries. The majority of studies (88%) were cross-sectional studies. S4 Table
contains detailed information about each included study, including specific inclusion and
exclusion criteria, study setting, number of participants, design, and data sources.

The studies included a total of 5,537,594 patients: 85,609 with data on the patient, 266,331
on the diagnostic, and 5,166,938 on the treatment interval, respectively. Of the 410 articles
included, 103 (25%) reported on more than one of the intervals of interest. Regarding the indi-
vidual intervals, 177 (43%) reported data on the patient, 121 (30%) on the diagnostic, and 243
(59%) on the treatment interval. Reporting the patient interval was more common in studies
from lower-income countries (n = 89, 77% versus n = 88, 30% of studies from high-income
countries), whereas reporting the treatment interval was more common in studies from high-
income countries (n = 194, 66% versus n = 49, 42% of studies in lower-income countries). The
percentage of studies reporting the diagnostic interval was similar for high- and lower-income
countries, with n = 86 (29%) versus n = 35 (30%), respectively.

One hundred (24%) articles used a combination of sources to obtain interval data. In partic-
ular, 146 (36%) used questionnaires or interviews (with patients or health professionals), 215
(52%) used medical records, and 141 (34%) used large databases (e.g., population-based cancer
registry data, the USA National Cancer Database (NCDB), Surveillance, Epidemiology, and
End Results (SEER), or similar). Use of questionnaires or interviews was more frequent in
studies from lower-income countries (n = 77, 66% versus n = 69, 23% of studies from high-
income countries), whereas use of large databases was more frequent in studies from high-
income countries (n = 137, 47% versus n = 4, 3% of studies from lower-income countries). The
use of medical records was relatively similar (n = 150, 51% for high-income, and #n = 65, 56%
for studies from lower-income countries, respectively).

The mean risk of bias score for the sample was 51% (SD = 22%). Fifty-three studies (13%)
received a high, 290 (71%) medium, and 67 (16%) low risk of bias score on the Aarhus check-
list. Among the items that applied to all studies, the following results should be noted: Only
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19% of studies made a reference to a theoretical framework (or the need for one); 72% pro-
vided interval definitions that the review team judged as precise, transparent, and reproduc-
ible; and 68% fully described the healthcare context of the study. The individual ratings for
each study are available in S5 Table.

Meta-analyses results

In the case of AIDS-related and endocrine/neuroendocrine tumors, only 1 study for each
group was identified, and, hence, these main groups are not further discussed. All studies
reporting on the respiratory/thoracic group were lung cancer studies. Tables 1, 2 and 3 report
the results of the meta-analyses of the patient, diagnostic, and treatment intervals, respectively,
for each main cancer group and specific site for which studies were identified, and as a func-
tion of the socioeconomic level of the country. Overall, meta-analyses for 38 cancer sites could
be conducted.

Patient intervals. There were significant and very pronounced differences on the patient
interval between high- and lower-income countries for almost all cancer groups explaining
between 7% and 55% of the variance in the study-specific medians (with the exception of geni-
tourinary cancers for which there were only k = 2 studies from lower-income countries; see S6
Table for statistical results). For this reason, in the following, we consider results for high- and
lower-income countries separately.

In studies from high-income countries (high GNI), median patient intervals did not exceed
a month for the majority of cancer sites (i.e., the 75th percentile of the distribution of pooled
medians was 31 days), suggesting that, in these countries, at least half of patients generally see
a healthcare professional within a month from symptom onset. Among the main cancer
groups, the longest pooled patient intervals were observed for skin cancers (melanoma: 70
days [95% CI 25 to 764] and nonmelanoma: 60 days [57 to 477]), breast (32 days [24 to 45]),
and head and neck (31 days [30 to 58]) cancers (see Table 1). Studies that focused exclusively
on pregnancy-associated breast cancer reported a significantly longer patient interval (48 days
[30 to 61]) compared to general (nonpregnancy-associated) breast cancer studies (29 days [19
to 45]). For the rest of the main cancer groups, the median patient interval varied between 18
and 26 days (digestive/gastrointestinal: 26 days [21 to 30]; lung: 22 days [20 to 30]; gynecologi-
cal: 21 days [15 to 30]; hematological: 19 days [16 to 26], and genitourinary: 18 days [10 to
30]).

Within lower-income countries, median patient intervals generally exceeded 1.5 months
for the majority of cancer sites (i.e., the 25th percentile of the distribution of pooled medians
was 53 days). Among the main cancer groups, the longest pooled patient intervals were
observed for neurologic/brain cancers (270 days [48 to 730]), skin melanoma (118 days [85 to
150]), genitourinary (97 days [78 to 116]), and gynecological cancers (79 days [40 to 129]), fol-
lowed by head and neck (60 days [45 to 90]), breast (58 days [35 to 92]), digestive/gastrointesti-
nal (53 days [34 to 125]), hematological (42 days [23 to 156]), and lung (33 days [28 to 59])
cancers (see Fig 3).

Overall, patient intervals from lower-income countries were about 1.5 to 4 times longer
than those found in studies from high-income countries and varied generally between 1 and 4
months (see Table 1). The pooled medians were significantly longer for lower-income coun-
tries for all main cancer groups with the exception of genitourinary and skin cancers, where
the number of studies from lower-income countries was very small (2 for each group) (see
Table 1 and Fig 3). Notable differences between lower- and high-income countries included a
pooled median of 90 days [43 to 279] compared to 29 days [22 to 32] for colorectal cancer (R?
= 25% based on both GNI and HDI); 79 days [40 to 129] versus 21 days [15 to 30] for
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Fig 3. Pooled median duration and 95% Cls for the patient (A), diagnostic (B), and treatment (C) intervals for the
main cancer groups and as a function of GNI (classified into high- and lower-income) of the countries
represented. Note: The lack of CI means that the median represents 1 available study only. When the whiskers for the
upper limit of the CI are not seen, the limit is higher than the axis maximum (>160). Difference = estimated difference
(and 95% ClIs in square brackets) between lower- and high-income countries based on Wilcoxon rank sum test. CI,
confidence interval; GNI, gross national income.

https://doi.org/10.1371/journal.pmed.1004110.9003

gynecological cancers (R* = 31% based on GNI and 29% based on HDI); and 60 days [45 to

90] versus 31 days [30 to 58] for head and neck cancers (R* = 8% based on GNI and 17% based
on HDI). Differences for the rest of the main cancer groups were less pronounced but still sig-
nificant: 42 days [23 to 156] versus 19 days [16 to 26] for hematological; 50 days [34 to 90] ver-
sus 29 days [19 to 45] for breast; and 33 days [28 to 59] versus 22 days [20 to 30] for lung
cancers. Results were similar and differences generally more pronounced using the continuous
HDI compared to the binary GNI classification (see S6 Table).
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Considering patient interval variation within high-income countries only, patient intervals
were longer in studies conducted in countries with lower scores on the Policy and Planning
ICP for breast (34 days [34 to 52] versus 7 days [7 to 7] for countries with higher scores) and
head and neck cancer (60 days [31 to 64] versus 30 days [21 to 35] for countries with higher
scores; see S7 Table).

Diagnostic intervals. With the exception of breast (k = 25) and head and neck cancers
(k=11), few studies from lower-income countries reported data on the diagnostic interval
(k = 14 for all remaining cancer sites). As a result, comparisons between high- and lower-
income countries were statistically meaningful only for a handful of sites. Hence, we discuss
the results averaged across all countries (see Table 2).

Median diagnostic intervals generally exceeded 1 month for the majority of cancer sites
(i.e., the 25th percentile of the distribution of pooled medians was 36 days). There was large
variation across the main cancer groups. The longest diagnostic intervals were observed for
hematological (71 days [52 to 85]), genitourinary (58 days [50 to 77]), digestive/gastrointestinal
(57 days [45 to 67]), and gynecological cancers (48 days [40 to 76]), followed by lung (43 days
[34 to 53]), head and neck cancers (35 days [26 to 50]), skin melanoma (29 days [18 to 35]),
and breast cancers (25 days [21 to 28]).

There was significant variation for the specific hematological malignancies with a much
shorter pooled diagnostic interval for leukemias (30 days [13 to 87]) compared to lymphomas
(69 days [44 to 82]) and myelomas (83 days [47 to 145]). In the case of genitourinary cancers,
diagnostic intervals were longest for prostate (85 days [57 to 112]) and renal cancers (72 days
[38 to 102]). For digestive/gastrointestinal cancers, pooled diagnostic intervals were longer for
colorectal cancers (63 days [48 to 78]) compared to upper gastrointestinal cancers (43 days [30
to 62]). Within gynecological cancers, the longest diagnostic intervals were observed for cervi-
cal cancer (75 days [49 to 95]).

Regarding the few documented differences between high- and lower-income countries, the
diagnostic interval for breast cancer was significantly longer in lower-income countries (53
days [26 to 87] versus 21 days [14 to 25], with R? = 25% based on GNI and 29% based on HDI;
see Table 2 and S8 Table).

Considering only high-income countries, diagnostic intervals were longer in studies con-
ducted in countries with lower scores on the ICP Policy and Planning for digestive/gastrointes-
tinal cancers (84 days [64 to 92] versus 72 days [67 to 97] for countries with higher scores; see
S7 Table).

Treatment intervals. With the exception of breast (k = 29), gynecological (k = 11), and
digestive/gastrointestinal cancers (k = 10), the number of studies from lower-income countries
was again small (k = 22 for all remaining cancer sites), so we discuss the results averaged across
all countries (Table 3).

Treatment intervals were relatively more homogeneous than the other intervals and gener-
ally varied between 20 and 50 days for the main cancer groups. The longest treatment intervals
were observed for genitourinary cancers (57 days [45 to 66]), followed by gynecological can-
cers (46 days [38 to 54]), head and neck cancers (33 days [32 to 37]), lung (32 days [27 to 35]),
melanoma (31 days [28 to 45]), and breast cancers (29 days [27 to 31]). Shorter pooled treat-
ment intervals were observed for digestive/gastrointestinal (23 days [20 to 31]) and hematolog-
ical (22 days [8 to 32]) malignancies.

Within genitourinary cancers, the longest treatment intervals were observed for prostate
cancer (75 days [61 to 87]) and within gynecological cancers for cervical cancer (69 days [45 to
108]). Within head and neck cancers, treatment intervals for thyroid cancers were notably lon-
ger than for the other specific cancer sites (165 days [67 to 502], compared to pooled estimates
between 26 and 34 days for the rest of the cancer sites). Within digestive/gastrointestinal
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cancers, treatment intervals were longer for upper gastrointestinal cancers (40 days [22 to 51])
than for colorectal cancers (18 days [14 to 22]).

The significant differences observed between lower- and high-income countries were that
treatment intervals were longer for gynecological (69 days [28 to 107] versus 42 days [34 to
48], R* = 72% for GNI and R* = 64% for HDI) but shorter for lung cancers (20 days [6 to 25]
versus 33 days [30 to 42], R? = 20% for GNI and R? = 26% for HDI) in lower-income countries
(see Table 3 and S9 Table).

Considering only high-income countries, treatment intervals were longer in studies con-
ducted in countries with higher scores on the ICP Policy and Planning for genitourinary can-
cers (83 days [65 to 107] versus 57 days [50 to 60] for countries with lower scores; see S7
Table) and specifically for prostate cancer (83 days [77 to 107] versus 60 days [57 to 61] for
countries with lower scores).

Relative contribution of intervals. For this analysis, we only considered studies that
reported on the duration of all 3 intervals in the same patients (see S10 Table). The diagnostic
interval was significantly longer than both the patient and treatment intervals for hematologi-
cal cancers (DI/PI ratio = 3.3 [95% CI 1.2 to 8.8]; DI/TI ratio = 10.3 [3.0 to 35.4]), colorectal
cancer (DI/PI ratio = 2.8 [1.0 to 7.6]; DI/T1 ratio = 3.4 [2.1 to 5.7]), and lung cancer (DI/PI
ratio = 2.1 [1.4 to 3.0]; DI/TI ratio = 1.6 [1.0 to 2.5]). The diagnostic interval was also longer
than the treatment interval for gynecological cancers (DI/TT ratio = 3.0 [2.1 to 4.5]).

Sensitivity analyses. The intervals excluding high risk of bias studies for 11 cancer groups
are reported in S11 Table. In most cases, intervals remained largely unchanged (i.e., change up
to £1 day for 5, 8, and 9 cancer groups on the patient, diagnostic, and treatment intervals,
respectively) or changed up to 6 days (for 3, 3, and 0 cancer groups on the patient, diagnostic,
and treatment intervals, respectively). Exceptions included patient intervals for the rarer can-
cer sites that were significantly reduced after excluding studies with high risk of bias. To illus-
trate, in the case of neurologic/brain cancers, the pooled patient interval was reduced with 33
days from 48 days [9 to 616] to 15 days [7 to 730]; in the case of sarcoma, it was reduced with
30 days from 75 days [29 to 130] to 45 days [25 to 141]; and in the case of melanoma, it was
reduced with 15 days from 85 days [39 to 334] to 70 days [25 to 217]. The treatment interval
for hematological malignancies was also reduced with 10 days from 22 days [8 to 32] to 12
days [6 to 25].

Results based only on studies that reported medians (excluding studies that reported the
means only) are displayed in S12 Table for 11 cancer groups. The majority of intervals
remained largely unchanged (i.e., change up to £1 day for 6, 8, and 8 cancer groups on the
patient, diagnostic, and treatment intervals, respectively) or changed up to 7 days (for 2, 3, and
3 cancer groups on the patient, diagnostic, and treatment intervals, respectively). Exceptions
included the patient intervals for sarcoma, melanoma, and genitourinary cancers, which were
reduced after the exclusion of studies reporting means only, with 15 days in the case of sar-
coma (from 75 days [29 to 130] to 60 days [27 to 114]), 15 days in the case of melanoma (from
85 days [39 to 334] to 70 days [25 to 170]), and 10 days in the case of genitourinary cancers
(from 24 days [12 to 30] to 14 days [8 to 30]).

Discussion

To our knowledge, this is the first review to offer meta-analytical estimates of the pooled
median duration of the patient, diagnostic, and treatment intervals in adult patients with
diverse types of cancer. The results of this descriptive and comparative study can be useful in
the monitoring and evaluation of early diagnosis efforts and the design of interventions to
strengthen early diagnosis and timely treatment [2]. The broad scope of the review also
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provides useful information regarding the amount of evidence available for the different can-
cer sites and can help set research priorities in the field [18]. Whereas all 3 intervals were fre-
quently reported for patients with breast, lung, colorectal, and head and neck cancer, fewer
studies were available for the other cancer sites. Importantly, only 28% of the identified articles
reported data from lower-income countries and mostly on the patient interval.

The review revealed some striking differences between high- and lower-income countries in
the duration of the patient interval. Pooled patient intervals were relatively more homogeneous
across most cancer sites in studies from high-income countries, showing that at least half of
patients with symptomatic cancer present to a healthcare professional within a month of symp-
tom onset (e.g., pooled medians generally between 15 and 31 days). Results revealed that
patient intervals in lower-income countries were consistently 1.5 to 4 times longer, ranging
generally between 1 and 3 months. These results are in accordance with those from previous
reviews focused on lower-income countries [20,23], which were mostly based on studies on
breast and childhood cancer. The literature on barriers to help-seeking indicates that low can-
cer symptom recognition and negative beliefs about cancer are likely universal predictors of
longer patient intervals [32,37]. However, there are unique factors in lower-income contexts
such as low health literacy, the use of alternative medicine, female-specific barriers (e.g., the
need for family permission to seek help), strong negative stigma of cancer treatment, and finan-
cial and access barriers that may delay help-seeking [37]. A recent review of 25 interventions
conducted in lower- and middle-income countries found that some were effective at increasing
knowledge (e.g., about cancer in general, early detection, or signs and symptoms) but con-
cluded that interventions are needed focusing on more clinically relevant outcomes [38].

Fewer studies were available from lower-income countries, especially reporting on the diag-
nostic and treatment intervals. Information on these intervals came mostly from high-income
countries that have powerful health information systems in place to record, monitor, and ana-
lyze such information (e.g., population-based cancer registries, national healthcare databases,
and complete and often easily accessible medical records). For example, studies reporting
treatment intervals were mostly based on such information systems and frequently had very
large sample sizes (in the thousands), offering representative data. The expansion and creation
of cancer registries or large cancer epidemiological databases in lower-income countries as an
investment in national cancer control planning is one of the priorities suggested to reduce can-
cer care disparities worldwide [22]. There were fewer differences between high- and lower-
income countries on the diagnostic and treatment intervals at least partially due to lack of
enough data from lower-income countries for comparison. Nevertheless, we documented sig-
nificantly longer diagnostic intervals for breast cancer and longer treatment intervals for gyne-
cological cancers in lower-income countries, both of which could be contributing to the lower
survival of these cancers (especially cervical cancer) in lower-income countries [39].

Opverall, the longest diagnostic intervals were observed for hematological, genitourinary,
digestive/gastrointestinal, and gynecological malignancies. The reasons for such long times
from the first consultation to diagnosis are likely multiple. The cancers with longest diagnostic
intervals included several cancers classified as “difficult to suspect” (e.g., myeloma, pancreatic)
and “intermediate” in difficulty to suspect (e.g., colorectal, ymphoma) [40]. Cancers that are
difficult to suspect are characterized by presentation with nonspecific symptoms and the fre-
quent need for multiple consultations before cancer is suspected and diagnosed (in >30% of
patients). For cancers that are considered intermediate, some patients present with specific
“alarm” symptoms but other may present atypically (between 10% and 30% of patients have
multiple consultations before diagnosis). Gynecological cancers, especially endometrial and
ovarian cancer, are also frequently characterized by nonspecific symptoms that can be due to
benign causes, rendering early diagnosis and treatment difficult [41].
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The longest treatment intervals were observed for genitourinary cancers, driven in particu-
lar by prostate cancer. Prostate cancer is a relatively slow-growing malignancy and watchful
waiting is a standard strategy in low-risk prostate cancer to decrease risk of overtreatment. In
addition, evidence suggests that treatment delays up to 3 months can be considered safe for all
localized prostate cancer patients [42,43]. Thus, one hypothesis that could be tested in future
research is that the long treatment intervals for prostate cancer are due to many patients
undergoing “watchful waiting,” although concerns about treatment morbidity or stigma could
also play a role in some contexts. In addition, studies from high-income countries with lower
scores on the ICP on Policy and Planning (e.g., Italy, USA, Spain) reported shorter treatment
intervals for prostate cancer than studies from countries with higher scores (e.g., Australia, the
Netherlands, Canada, Germany). This could also be due to higher implementation of watchful
waiting for prostate cancer or controlled treatment delays in certain contexts.

Unexpectedly, lung cancer treatment intervals were found to be lower in lower-income
countries. This could be due to the higher access to last-generation biological and precision
therapies in higher-income contexts [44]. Such therapies require genetic testing for treatment
selection, which could increase the time elapsed between diagnosis and treatment in high-
income countries where such therapies may be more likely to be available.

The additional analysis focused on high-income countries included in the ICP [33] revealed
that the existence and implementation of diverse cancer-directed policies is related to shorter
patient and diagnostic intervals for some cancers. In the case of the patient interval for breast
and head and neck cancers and the diagnostic interval for digestive/gastrointestinal cancers,
lower Policy and Planning scores on the ICP were associated with longer intervals. These
results suggest that in high-income contexts, the implementation of cancer-directed policies
such as national cancer plans including strategies for primary prevention and early detection
of cancer [45] could have positive effects on diagnostic delays. Whereas it is not clear what pol-
icies exactly may be driving these effects and having in mind that these results are at best pre-
liminary, they offer much needed evidence regarding the potential effects of cancer policies on
relevant outcomes [45].

Whereas the grouping of specific cancer sites into general main groups has been useful for
descriptive and comparative purposes, it is also limited. The specific cancer sites may present
unique challenges and circumstances when it comes to diagnosis and treatment, something
that is also reflected in the variation of the pooled intervals within the main cancer groups con-
sidered. To take hematological malignancies as an example, the pooled median diagnostic
interval for this group was 71 days [52 to 85]. Disaggregating the data further showed very dif-
ferent diagnostic intervals for leukemias (30 days [13 to 87]) compared to lymphomas (69 days
[44 to 82]) and myelomas (83 days [47 to 145]). However, even within these more specific
groups, there could be large variation in the clinical manifestation and diagnostic process
depending on the type of cancer. To illustrate, in a study based on the UK’s Hematological
Malignancy Research Network, the median duration of the diagnostic interval was 13 days for
acute lymphocytic and 10 days for acute myeloid leukemia but 42 days for chronic lympho-
cytic and 9 days for chronic myeloid leukemia [46]. Discussing the unique diagnostic and
treatment circumstances of all cancer sites reported is beyond the scope and possibilities of the
review; it is, however, something readers should bear in mind when interpreting our results.

Strengths of the review include the large number of studies identified without country or
region restrictions and the use of a validated methodology for the meta-analytic combination
of medians. Limitations of the review include the inherent complexity and many possible
biases in the measurement of time points and intervals in the cancer treatment pathway [4].
The extent of these is at least partially reflected in the Aarhus checklist scores assigned to each
article. Our sensitivity analysis showed that the removal of studies with highest potential for
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bias did not substantially affect pooled estimates for the more common cancers. It did, how-
ever, change the estimates for some rarer cancers for which there were fewer studies available
(e.g., neurologic/brain cancers, sarcoma, and melanoma), and we think that these study qual-
ity-adjusted estimates should be considered more reliable. Overall, the low proportion of stud-
ies that received a low-risk score on the Aarhus checklist confirms that further efforts are
needed to standardize the measurement and reporting of delay intervals [20].

An additional limitation to consider is survivor bias, which is especially relevant for studies
using patient interviews and questionnaires. This method of data collection was also especially
frequent in studies conducted in lower-income countries that reported on patient intervals.
Survivor bias is a type of patient selection bias, where patients dying soon after symptom onset
or patients who are too ill to take part in a research study are excluded [47,48]. This could
result in biased patient-reported estimates of interval duration and limit generalizability,
because patients who die shortly after diagnosis or are too ill to participate may have atypical
interval duration. Studies using medical records are less prone to selection and recall biases
[47]; however, they have other limitations (e.g., it is assumed that the information recorded
during the consultation is complete and accurate, which may not be the case) [48].

Another limitation is that we did not consider the subintervals that compose the diagnostic
interval (e.g., primary care interval, referral to diagnosis interval) [4]. We wanted to make com-
parisons across countries with very different health systems, and we preferred to focus on more
generalizable measures of intervals. Future reviews should consider the subintervals that compose
the patient (e.g., appraisal versus help-seeking interval) and diagnostic (e.g., primary care interval
versus referral to diagnosis interval) intervals to offer a more comprehensive understanding of
the patient journey to diagnosis in different contexts. Finally, we did not differentiate between
middle-, lower-middle, and low-income countries and grouped them together as “lower-income”
economies due to the relatively small number of studies available. However, previous reviews
show that there may be important differences in interval duration within this group [20].

In an effort to reduce publication bias, we searched several databases that contain grey liter-
ature and considered publications in multiple languages. However, because the data pooled
into meta-analysis is descriptive and not based on significance testing, formal tests for publica-
tion bias (e.g., funnel plots) could not be performed.

Cancer is a leading cause of death worldwide, and reducing diagnostic and treatment delays
could help improve survival and other patient outcomes. This systematic review identified the
types of cancer and contexts where diagnosis and treatment initiation may take the longest.
These results can be useful to set research priorities and identify areas most in need of inter-
ventions to strengthen early diagnosis and timely treatment. Our results also highlight the
global disparities in timely diagnosis and treatment. Efforts should be made to reduce help-
seeking times for cancer symptoms in lower-income countries.
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