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A Systematic Review and Multilevel Regression Analysis
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ABSTRACT
◥

Comorbidities can have major implications for cancer care, as
they might impact the timing of cancer diagnosis, compromise
optimal care, affect treatment outcomes, and increase healthcare
costs. Thus, it is important to comprehensively evaluate cancer
comorbidities and examine trends over time. Here, we performed
a systematic literature review on the prevalence and types of
comorbidities for the five most common forms of cancer. Obser-
vational studies from Organisation for Economic Co-operation
and Development countries published between 1990 and 2020
in English or Dutch that used routinely collected data from a
representative population were included. The search yielded
3,070 articles, of which, 161 were eligible for data analyses. Mul-
tilevel analyses were performed to evaluate determinants of vari-
ation in comorbidity prevalence and trends over time. The weighted
average comorbidity prevalence was 33.4%, and comorbidities
were the most common in lung cancer (46.7%) and colorectal

cancer (40.0%), followed by prostate cancer (28.5%), melanoma
cancer (28.3%), and breast cancer (22.4%). The most common
types of comorbidities were hypertension (29.7%), pulmonary
diseases (15.9%), and diabetes (13.5%). After adjusting for
gender, type of comorbidity index, age, data source (patient
records vs. claims), and country, a significant increase in comor-
bidities of 0.54% per year was observed. Overall, a large and
increasing proportion of the oncologic population is dealing
with comorbidities, which could be used to inform and adapt
treatment options to improve health outcomes and reduce
healthcare costs.

Significance: Comorbidities are frequent and increasing in
patients with cancer, emphasizing the importance of exploring
optimal ways for uniform comorbidity registration and incorpo-
rating comorbidity management into cancer care.

Introduction
Worldwide, 10 million patients died of cancer in 2020, whereas

another 19 million patients were newly diagnosed with cancer and
prevalence is expected to increase (1, 2). In addition, the number of
comorbidities increases over time and doctors are more and more
facedwith patientswith cancermanaging comorbidities (3, 4). This has
major implications for treatment and organization of cancer care and
calls for information on prevalence and trends in cancer comorbidities.
This information could inform and adapt disease management and
care coordination programs to improve health outcomes and manage
healthcare costs.

Comorbidity is defined as the coexistence of a disorder in addition to
a primary disease of interest. Comorbidities may be a contributing
factor in cancer development. For example, chronic hepatitis B
increases the chance of development of liver cancer (5). In addition,
comorbidities may be causally unrelated to cancer but co-occur, for
example due to shared risk factors. Risk factors of cancer such as older
age, smoking, and lack of physical activity are shared with other

common chronic conditions (e.g., obesity, diabetes, or chronic
obstructive pulmonary disease; refs. 6, 7).

There is an increased recognition of the importance of comor-
bidities, although major challenges remain. First, comorbidities
impact cancer diagnosis. Some studies suggest that comorbidities
are associated with a delay in cancer diagnosis (8, 9). Contrary,
comorbidities that require regular medical visits may increase
the chance of identifying cancer in an early stage (9, 10). Second,
comorbidities may affect curative treatments, which compromises
optimal care (11). Patients with comorbidities are less likely to
receive standard cancer treatments such as surgery, chemotherapy,
and radiotherapy and their chance of completing a course of
cancer treatment is lower (9, 11). Third, comorbidities affect
treatment outcomes. Postoperative complications, morbidity, and
mortality are higher in patients with comorbidities, whereas qual-
ity of life is lower (3, 9, 11, 12). Furthermore, with the increasing
subspecialization of care and surgery, providers often struggle with
managing the wide spectrum of comorbidities, potentially nega-
tively impacting outcomes (13). Fourth, comorbidities increase
healthcare utilization and costs for individuals diagnosed with
cancer (11, 12).

In light of these challenges, it is critical to evaluate the prevalence
of different comorbidities in oncologic care to inform and adapt
disease management and care coordination programs to improve
health outcomes and manage healthcare costs. However, information
on prevalence of cancer comorbidities is limited and fragmented,
for example, aimed at specific cancer types (14–16). No large
systematic review has been performed to this date. The aim of this
systematic review is to infer the evidence about the prevalence of
comorbidities among five common types of cancer: breast, colorectal,
lung, skin, and prostate cancer. We aim to explore determinants
of variation between studies and examine trends in comorbidities
prevalence over time.
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Materials and Methods
Following a previously written study protocol (17) based on the

Centre for Reviews and Dissemination’s guidance for under taking
reviews in health care (18) and the Cochrane collaboration protocol
template (19), an electronic search was carried out in PubMed,
EMBASE, Cochrane Library, CINAHL, and Web of Science. The
search strategy was tailored to each database (see Supplementary
Materials and Methods) and included Medical Subject Headings
(MeSH) and text word or text phrase for (i) “neoplasm,” (ii) “comor-
bidities,” (iii) “prevalence, index, score, measure, level, number, or
scale,” and (4) “administrative claim-based or registry data.” The
search was performed on the June 25, 2020.

Inclusion and exclusion criteria are presented in Table 1. We
limited our scope to the five most prevalent types of cancer: breast,
colorectal, lung, melanoma, and prostate cancer (20).

Titles and abstracts were screened on eligibility by two reviewers
(LD and CV) individually. Next, eligibility was assessed on the basis of
full texts by the two reviewers individually. Discrepancies were
resolved by discussion between the reviewers or, if no consensus was
reached, a third reviewer (NS). Article screening was performed in
Rayyan (21). All citations were imported into EndNote X8.2 and
duplicates were discarded. Studies that used the exact same dataset
were labeled as duplicate and discarded from analysis.

Methodologic quality
The quality of the studies were assessed using Hoy’s risk of bias tool

for prevalence studies (22). For some questions, modifications were
made based on O’Sullivan (23) adjusted prevalence tool, because some
questions of Hoy’s tool were not relevant to our study or were not
applicable to routinely collected prevalence data. The final quality
assessment tool and the deviations from Hoy’s or O’Sullivan’s are
presented in the Supplementary Materials and Methods. Three
domains assessed external validity and four domains internal validity.
For each domain, 1 point could be scored, with the total score ranging
from 0 (lowest) to 7 (highest).

Data extraction and synthesis
A standardized extraction form was developed to systematically

collect and summarize key data elements from each article and
perform quality assessment. This was done individually by two
reviewers (LD and CV) using Limesurvey. Answers from both
reviewers were compared and differences reported.

The following data were extracted:
Prevalence of comorbidities: This was expressed as percentage

of the study population having one or more comorbidities as
measured by comorbidities indices [e.g., Charlson comorbidities
index (CCI), Elixhauser comorbidity index (ECI)] or count/per-
centage of cooccurring diseases. The prevalence was extracted
directly from the studies or calculated from the available informa-
tion. Prevalence percentages per type of comorbidities were
extracted if reported by the included studies. When the outcomes
were presented for different subgroups (tumor types, ages, etc.)
multiple observations were entered per study.

Type of comorbidities index: This was categorized as CCI; ECI;
Cancer, Care, and Comorbidity (C3) index; and other.

Cancer characteristics: Type of cancer, metastases, and cancer
subtype. A distinction was made between studies including metastases
only, exclude metastasis, or no distinction. If studies only included a
cancer subtype (e.g., rectal cancer as a subtype of colorectal cancer), the
subtype was registered.

Study population characteristics: Age, proportion males, ethnicity,
socioeconomic characteristics, and country.

Study start and duration characteristics: The start year of the study
was defined as the first year of data collection in the included studies.
The duration of study inclusion was calculated by the difference
between start and end year.

Data source characteristics: Data sources were categorized into
claims data, hospital-based routinely collected data, and other or
unknown. Hospital-based routinely collected data included data from
cancer registries and hospital databases.

Study quality: The sum of quality assessment items where both
reviewers scored positive, ranging between 0 and 7, was used as quality

Table 1. Inclusion and exclusion criteria used in the selection process.

Inclusion criteria Exclusion criteria

1. Studies providing data about the prevalence of comorbidities in patients
diagnosed with breast, colorectal, lung, melanoma, or prostate cancer,
including previously diagnosed chronic conditions

Studies not providing data about the prevalence of comorbidities in
patients diagnosed with breast, colorectal, lung, melanoma, or prostate
cancer

2. Routinely collected prevalence data, derived from registries or health
insurance claims databases

Incidental data collection or not routinely collected data (e.g., chart- or
patient-based prevalence data measured for the purpose of one study)

3. Population studies are representative for a broad oncologic population.
Selection based on age or insurance type was permitted.

Studies restricted by type of treatment, race, presence of a certain disease
or complication, survival or response to a questionnaire

4. Observational studies Case reports, randomized controlled trials, systematic reviews and meta-
analyses

5. Publication between January 1, 1990 and June 25, 2020 Published before 1990

6. Published in English or Dutch Published in other languages than English or Dutch

7. Originating from an OECD-country Published outside of an OECD-country

Note: The 38 member countries are: Australia, Austria, Belgium, Canada, Chile, Colombia, Costa Rica, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea, Latvia, Lithuania, Luxembourg, Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Slovak
Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, United Kingdom, United States.
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indicator. In addition, reporting quality was assessed by checking if
percentages of comorbidities add up to 100%.

Data analysis
To evaluate the prevalence of comorbidities in oncologic patients,

uncorrected samplemeans andweighted averages on the percentage of
patients having one or more comorbidities were calculated. Averages
were weighted by study sample size using a logarithmic transforma-
tion. Mean weights were given to studies with missing sample sizes.
Specific incidence of common (>10 occurrences) comorbidities were
reported.

To test whether a trend in comorbidities over time was present,
different multilevel linear regressions were performed: (i) unadjusted
model, (ii) model adjusted for tumor type, and (iii) model adjusted for
all determinants. Determinants include tumor type, type of comor-
bidity index, population characteristics, methodologic quality, and
data source characteristics. Analyses was performed on individual
observations, using multilevel regressions to correct for clustered
observations belonging to the same study (24). The study identification
number was added as a random intercept. To check the validity of
defining study type as a data level, pooled linear regression with
clustered SEs was performed.

Additional sensitivity analyses were performed to evaluate the
influence of each individual determinant on the prevalence of comor-
bidity and the trend over time. Collinearity between start year and
study duration with the different determinants was checked and
defined as a Pearson coefficient above 0.7. Residual errors were plotted
to check the normality assumption. IBMSPSS Statistics 25was used for
data cleaning and descriptive statistics; STATA 16 was used for the
data analysis.

Data availability
The data generated in this study are publicly available in the Data

Archiving and Networked Services (DANS) EASY archive at https://
doi.org/10.17026/dans-zfp-ybfq and are available upon request from
the corresponding author.

Results
A total of 3,070 articles remained after deduplication. Title and

abstract scrutiny and full-text evaluation led to 163 eligible studies, of
which, 2 articles were excluded due to identical data. Details on the
selection process are displayed in Fig. 1.

The final set of articles included 161 studies: 47 on breast cancer, 37
on prostate cancer, 30 on colorectal cancer, 37 on lung cancer, 7 on
melanoma, and 3 on multiple cancers. Table 2 presents descriptive
statistical analysis; Supplementary Table S1 presents more details on
the included studies. The determinant socioeconomic characteristics is
not reported and used in the analyses as a result of heterogeneity of
measuring and reporting this determinant in the included studies
(Supplementary Table S2).

Twenty-six studies did not report the percentage of one or more
comorbidities, but reported either percentage of two or more comor-
bidities or only reported data on types of comorbidities. The 161
studies rendered 243 observations, as some studies reported comor-
bidity prevalence data for, among others, multiple age groups or tumor
types. Figure 2 presents the mean percentage of comorbidities per
tumor type. The overall weighted average percentage of patients with
one or more comorbidities is 33.4% [95% confidence interval (CI),
31.0–35.8], which is 46.7% (95% CI, 41.6–51.7) for lung cancer, 40.0%
(95% CI, 35.4–44.6) for colorectal cancer, 28.5% (95% CI, 24.9–32.2)

for prostate cancer, 28.3% (95% CI, 8.5–48.1) for melanoma, and
22.4% (85% CI, 18.8–26.0) for breast cancer.

Thirty-two studies reported individual types of comorbidities
(Table 3). The most common comorbidity was hypertension
(29.7%) followed by pulmonary diseases (15.9%) and diabetes
(13.5%). For lung, breast, and prostate cancer, these comorbidities
were also the most common. For colorectal cancer, the most
common comorbidity was hypertension followed by renal diseases
and diabetes. For melanoma, only one study presented comorbid-
ities. The most common comorbidity was diabetes with followed by
other malignancies and pulmonary disease. Table 3 present per-
centages and confidence intervals of the most common types of
comorbidities.

Table 4 present the multilevel models. In the unadjusted model
(model 1), no significant trend in comorbidities was found. This
result is unaffected after adjusting for different tumor types (model
2). When adjusting for all determinants (model 3), a significant
positive trend is found over time, predicting a yearly increase in
comorbidities of 0.54%. These indicate that, ceteris paribus, comor-
bidity incidence increases by 5.4% per decade. Proportion Cauca-
sians was removed from the model because of the low number of
included observations (n ¼ 85). The model is presented in Sup-
plementary Table S3. The robustness check of using a multilevel
model is presented in Supplementary Table S4, revealing a com-
parable yearly increase in comorbidity prevalence of 0.56% and an
R2 of 0.68 when adjusting for all determinants.

The model shows that comorbidities are more prevalent in lung
cancer and less prevalent in prostate cancer. Denmark, the Nether-
lands, Sweden, United Kingdom, and the United States report signif-
icantly higher comorbidity incidence. Furthermore, the age group 80
or above, and proportion males display higher comorbidity rates.
Finally, the use of claims data and the use of ECI or C3 index is
associated with higher comorbidity rates. Cancer characteristics (e.g.,
time of measurement, metastasis, specific tumors) do not significantly
affect comorbidity incidence, nor do we find an effect of study quality.
The level of comorbidities is significantly lower for age below 45.
Residuals of the models were normally distributed and no collinearity
was found between the determinants, the start year of the study and the
study duration.

Additional sensitivity analysis reveal difference in trends of comor-
bidity over time for differ tumor types (Supplementary Table S5;
Supplementary Fig. S1), therefore tumor type is added to every
sensitivity analyses. The individual determinants of country, data
type, comorbidity index, age, and proportion male affect comorbidity
prevalence (Supplementary Table S6). The sensitivity analyses reveal
that the switch between a nonsignificant negative time trend in the
unadjusted regression to a significant positive trend in the full model is
predominantly mediated by type of country, type of data source, and
age (Supplementary Table S7).

Discussion
This review sought to infer the evidence on the prevalence of

comorbidities among oncologic patients and distinguish differences
between the fivemost common types of cancer: breast, colorectal, lung,
skin, and prostate cancer. In addition, we explored determinants of
variation between studies and examined trends in prevalence of
comorbidities.

We found that the weighted average prevalence of comorbidities in
all five cancer types together is 33.4%. Comorbidities seem most
common in patients with lung and colorectal cancer, with 46.7% and
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Figure 1.

PRISMA-diagram displaying the study selection process.
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40.0%, respectively. This is followed by prostate cancer with 28.5%,
melanoma with 28.3%, and breast cancer with 22.4%. However,
large variation existed between the data from the different studies.
This variation can partly be explained by characteristics of the
patient population. However, it can also partly be explained by
study characteristics as country, kind of measurement tools, and type
of data. After adjusting for all determinants, a significant increase in
comorbidities of 0.54% per year was found. The most common type of
comorbidity was hypertension, followed by pulmonary diseases and
diabetes.

Previous literature
Previous studies have reported variance in the prevalence of

comorbidities for different tumor types. Lee and colleagues performed
a systematic review on articles between 1990 and 2009 about the
impact of comorbidity on chemotherapy use and outcomes in patients
with cancer. They reported a range of 0.4% to 90% of patients with
cancer with comorbidities, the highest frequency among patients
with lung (35%), breast (20%), or colorectal cancers (20%; ref. 25).
A review article by Sarfati and colleagues on the impact of comorbidity
on cancer and its treatment stated that some cancers, such as lung, are
strongly associated with risk factors (e.g., age and lifestyle) related to
other chronic conditions (chronic obstructive pulmonary disease and
congestive heart failure; refs. 11, 26). For other cancers, for example
breast and prostate cancer this association is less strong (11). For
instance, obesity in premenopausal women may reduce the risk of
breast cancer whereas the reverse is true for postmenopausal wom-
en (27). For prostate cancer, obesity is associated with reduced risk of
nonaggressive prostate cancer but increased risk of aggressive prostate
cancer (28). A report on the status of cancer in 1975 to 2010 in the
United States by Edwards and colleagues is consistent with our
findings (26). They reported a comparable prevalence of comorbidities
in patients with breast and prostate cancers, higher frequencies in
patients with lung cancer and intermediate frequencies for patients
with colorectal cancer. Edwards and colleagues additionally reported
diabetes, chronic obstructive pulmonary disease, and congestive heart
failure as themost common comorbidities for breast, colorectum, lung,
and prostate cancer (26). The prevalence is higher in comparison to a
populationwithout cancer. Fowler and colleagues found hypertension,
COPD, and diabetes as the most common comorbidities for colon and

lung cancer (29). Edwards and colleagues used categories from the
CCI, which does not include hypertension, whereas Fowler and
colleagues added additional comorbidities to the CCI.

Previous studies also supported the increase of comorbidities for
specific tumor types over time. Leersum and colleagues found an
increase in comorbidities from 47% to 62% over a time period from
1995 to 2010 in patients with colorectal cancer (30). Aarts and
colleagues found an increase from 55% to 76% over a time period
from 1995 to 2012 for patients with small cell lung cancer (31). Both
studies are performed in the Netherlands and the same comorbidity
index and hospital-based routinely collected data were used during the
entire periods. These indicate an increase in comorbidity that is not
influenced by the type of index, country, or type of data. A different
contributing factor of increase in comorbidities is the aging popula-
tion, as the prevalence of multimorbidity in the general population
increases with age (32, 33).

We found substantial levels of variation between the included
studies. Another review from Sarfati found that no gold standard
existed for measuring comorbidities in oncologic patients (34).
Approaches of measuring comorbidities varied based on the study
questions, patient population, and available data. Our study revealed
that different study characteristics impacted the prevalence of comor-
bidities in oncologic patients: type of data, country, and type of
comorbidity index did matter.

The finding in our study that the use of claims data results in
higher levels of comorbidities is in line with literature. Claims data
are constructed for administrative and reimbursement purposes,
lack detail on the comorbidities, and are at risk for upcoding and
misclassification (35, 36). In addition, the assignment of codes is
open to differences in interpretation, which might result in vari-
ability in coding practices (36, 37). Full medical records or claims
data correcting for upcoding (e.g., by ruling out codes if they appear
only ones or multiple times but only within a 30-day window) might
provide the best insight in the prevalence and burden of
comorbidities (35, 38, 39).

Little is known about differences in comorbidities in oncologic
patients between countries. Potential differences in prevalence of
comorbidities between countries could (partly) be explained by inter-
national inconsistencies in the coding and registration of comorbid-
ities (40). Previous studies did suggest that theUnited States has higher
rates ofmultimorbidity and higher healthcare spending in comparison
to other countries (41, 42). However, our study showed the highest
percentages of comorbidities in the Netherlands, Sweden, and Den-
mark. One factor that may explain high intercountry variability is
differences in registration and claims systems (43). For example, the
number of diagnostic-related groups (DRG) differs from over 4,000 in
the Netherlands to about a 1,000 in Germany, Sweden, and Aus-
tria (44). This may result in critical differences in how comorbidities
aremeasured between countries, reducing intercountry comparability.
However, this may only explain intercountry differences in claim-
based comorbidity assessment.

Strength and limitations
The main strengths of this study are that we systematically

gathered and summarized the literature on the prevalence of
comorbidities. Our review is in line with previous studies, however,
adds knowledge on comorbidity trends for a broad oncologic
population, heterogeneity between studies, and determinants that
impact comorbidity prevalence. To our knowledge, this is the first
study to explore variation between studies regarding the prevalence
of comorbidities. Another strength is that our literature search was

Figure 2.

Error plot of the weighted mean percentage of comorbidities for the different
tumor types. Averages were weighted by study sample size using a logarithmic
transformation. Mean weights were given to studies with missing sample sizes.
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limited to the five most common types of cancers whereas our
search string in the study protocol was broader. This probably
ensures that no studies are missed.

We acknowledge some limitations. First, we limited our inclusion
criteria to the use of data from health claims and registries based on
ICD codes. This results in the possibility that some diagnoses have
been missed or results are overestimated due to upcoding in claims
data. On the other hand, the use of administrative data has enabled us
to analyze prevalence based on large populations increasing the
generalizability of the results. Second, we use the occurrence of one
or more comorbidities as outcome variable, which does not take into
account prevalence of multiple comorbidities simultaneously and its
increase over time. However, different types of comorbidity indices
cannot be compared on this dimension. Third, heterogeneity in the
definitions and coding of types of comorbidities in the articles included
in our review might affect prevalence and relative importance of
specific comorbidities. Fourth, the model adjusting for all determi-
nants (model 3) risks overfitting the data, where too many determi-
nants are added with respect to the number of observations. Because of
this risk, caution is needed when interpreting the results, especially of
individual determinants. However, a general effect on the main
variables of interest can be generated and the sensitivity analyses
further explores, and substantiates the main findings. It remains
unknown to what extent the remaining unexplained variance relates
to heterogeneity in measuring and reporting or other unobserved
study characteristics. Finally, the quality assessment form was tailored
to the purpose of our review. However, this specific quality assessment
form has not been validated.

Implications
With increasing comorbidity prevalence, adjustment of clinical

pathways may become increasingly important in the future. This
study provides a starting point to benchmark and monitor comor-
bidity prevalence between countries and within countries, as well as to
spur further research into implications of increased comorbidity
burden on clinical decision making. However, we found high unex-
plained variation in comorbidity prevalence between studies, poten-
tially due to definition and registration heterogeneity. This emphasizes
the importance for a gold standard for definition and registration of
comorbidities. Implicitly, a trade-off between accuracy and efficiency
may be present: althoughmedical recordsmay bemore comprehensive
and accurate, it may require additional administrative expenditures to
disclose information on comorbidities. Routinely collected data may
therefore be a less costly alternative to estimate comorbidity preva-
lence. Two rival indices are commonly used: the ECI and CCI.
Although the ECI is argued to match or outperform the CCI, most
studies included in this review report the CCI only (45–47). One issue
of the CCI is that weights tend to be recalibrated over time, reducing
intertemporal comparability. We would argue for an international
definition of the ECI aswell as a tool to translate the ECI toCCI, so both
measures can be reported and applied. The use of standardized
registration and measurement tools for comorbidities ensures that
differences among countries, trends over time or differences between
tumor types can be studied more thoroughly.

Our study contributes to discussions regarding centralizing
specialized cancer care, driven by evidence that high volumes
improve treatment outcomes (48–50). An increasing comorbidity
prevalence may be orthogonal to the trend of increased speciali-
zation, as this may require a more generalist approach requiring
professional expertise from other departments and organizations.
These emphasize the importance to include the high and increasingTa
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comorbidity prevalence in debates on centralization of care and the
importance to stimulate and facilitate collaborations between dif-
ferent healthcare organizations.

Increasing comorbidity prevalence also affects treatment costs.
Although some reimbursement systems adjust for comorbidities,
others do not. Reimbursement systems require standardized comor-
bidity measurement and adequate payment adjustment to counteract
perverse incentives such as cherry picking, adverse selection, and
upcoding (44). This is a promising area for future research.

Conclusion
In this systematic review we have gathered and summarized the

current literature on the prevalence of comorbidities. We find that as
substantial proportion of patients have at least one comorbidity, which
comorbidities increase over time, and that large differences in mea-
surement methods, databases used, and reported comorbidities in
studies exist.

These findings underline the importance of comorbidities manage-
ment in cancer care, given that such a large proportion of the
oncological population deals with more diseases at once. These high
and rising numbers could be included in discussions on optimizing
clinical pathways and centralizing specialized oncologic care. How-
ever, there is a great extent of variation between reported comorbidities
in studies, revealing uniformity in measuring and reporting comor-
bidities is lacking and needs improvement.
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