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Abstract

Background: Chemotherapy is an established treatment for stage Ill colon cancer cases.
Older age is known to be associated with less chemotherapy use in these patients, but there
might be other relevant factors besides age that influence treatment administration. We
summarized evidence on associations between comorbidity and adjuvant chemotherapy
administration in stage Ill colon cancer patients in a systematic review and meta-analysis.
Methods: We searched the PubMed and Web of Science databases up to 2 June 2020 for
studies on comorbidities and chemotherapy use in patients with stage Il colon cancer.
Summary odds ratios (OR) and 95% confidence intervals (95% Cl) were estimated using
random-effects models. Subgroup analyses according to year of colon cancer diagnosis,
timing of comorbidity assessment, and geographical region were also conducted.

Results: Thirty-three studies were included in this review, including 219,406 stage Ill colon
cancer patients overall. Chemotherapy administration was 60.9% (95% Cl: 56.9% to 64.9%),
increasing from 57.1% before 2001 to 66.3% after 2010. There were inverse associations
between comorbidities and chemotherapy administration. Compared with patients with Charlson
comorbidity score 0, those with scores 1 (0R=0.79, 95% CI=0.72-0.87) and 2+ (OR=0.49, 95%
Cl=0.42-0.56) received chemotherapy less often. Among comorbidities, the strongest predictors
of chemotherapy non-use were dementia (OR=0.37, 95% Cl=0.33-0.54), followed by heart failure
(OR=0.44, 95% Cl=0.28-0.70) and stroke (OR=0.56, 95% CI=0.38-0.81).

Conclusions: Merely 60% of stage Ill colon cancer patients receive chemotherapy.
Comorbidities are strong predictors of chemotherapy non-use, but the association differs by
comorbid condition and is strongest with dementia. Given the survival disadvantage of colon
cancer patients with comorbidities, further evidence on the risk-benefit ratio of chemotherapy
according to the type and severity of comorbidity and on the extent to which the survival
disadvantage of comorbidity is explained by less use or lower tolerability of chemotherapy is
needed to foster personalized medical care in these patients.
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Background

Colorectal cancer is the third most commonly
diagnosed malignancy and the second major
cause of cancer death worldwide.! Approximately
two-thirds of colorectal cancers occur in the
colon.! In recent decades, surgical resection of

colon cancer tumors has been complemented by
postoperative chemotherapy mainly for stage IIT
patients.? Although stage II patients with high-
risk features (e.g. presence of lymphovascular and
perineural invasion) appear to benefit from chem-
otherapy,® application of chemotherapy in this
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patient group is controversial. In stage III patients,
clinical trials have suggested that chemotherapy
use is associated with about 25% reduction in all-
cause mortality.*>

Despite the benefits of chemotherapy for stage II1
colon cancer, between one-third and nearly half
of the patients still do not receive this effective
treatment.%7 Older age is the main determinant of
chemotherapy non-use,%89 but about one-fifth of
patients younger than 75years do not receive
chemotherapy,®10 suggesting that there might be
other relevant factors that affect treatment admin-
istration aside from age. Colon cancer is mainly
diagnosed at older age, when comorbidities (e.g.
diabetes) are common!!:!2 and they might impact
treatment decisions. It is well documented that
comorbidities are strongly associated with poorer
colon cancer prognosis,!> and mediation by less
chemotherapy utilization by patients with comor-
bidities has been suggested as one of the possible
mechanisms underlying this association.4

In recent years, several studies have evaluated
associations between comorbidities and chemo-
therapy use in patients with stage III colon can-
cer. However, no study has summarized results
from such studies in a systematic review or a
meta-analysis. Quantification of this association
is important, as it may have clinical relevance and
may confound the association between chemo-
therapy and patient survival in observational
studies. Herein, we conducted a systematic review
and meta-analysis to summarize evidence on
associations between comorbidity and adminis-
tration of adjuvant chemotherapy in stage III
colon cancer patients, paying particular attention
to whether the associations also differ by specific
comorbidities, age, year of diagnosis, timing of
comorbidity assessment, or geographical region.

Methods

Search strategy

We systematically searched PubMed and Web of
Science (Core Collection) from inception (1978 and
1995, respectively) to 2 June 2020 for relevant studies.
For the PubMed search, the following search strategy
was used, incorporating Medical Subject Headings
(MeSH) terms: (comorbidity OR comorbidities OR
multimorbidity OR “chronic diseases”[Title/Abstract]
OR “chronic conditions” [Title/Abstract] OR “chronic
illnesses”[Title/Abstract] OR comorbidity[MeSH])
AND ((chemotherapy OR “adjuvant treatment” OR

treatment[Title/Abstract] OR “adjuvant therapy” OR
chemotherapy[MeSH]) AND (use OR uptake OR
receipt OR nonuse OR underuse OR initiation OR
administration OR utilization OR adherence OR pat-
terns)) AND (“colon cancer” OR “bowel cancer” OR
“colonic cancer” OR “colonic neoplasms”[MeSH)]).
Further details of the search strategy have been
summarized in Supplemental Table S1. We also
hand-searched the reference lists of articles for
additional relevant studies. This review was con-
ducted in accordance with the PRISMA! and
MOOSE guidelines,'® and its protocol was regis-
tered with PROSPERO (registration number
CRD42020187250).

Eligibility criteria

Studies were eligible for inclusion in this review if
they: (i) were published observational studies that
assessed comorbidity [summary measures or spe-
cific diseases such as diabetes, myocardial infarc-
tion, heart failure, renal disease, stroke, chronic
obstructive pulmonary disease (COPD), or
dementia] and their associations with adjuvant
chemotherapy use in stage III colon cancer
patients; and (ii) reported risk estimates of these
associations [e.g. odds ratios (ORs) or relative
risks (RRs) and 95% confidence intervals (95%
ClIs)] or provided sufficient information to calcu-
late them. We defined chemotherapy use as
receipt of any chemotherapy regimen after colon
cancer surgery.

We did not consider clinical trials because partici-
pants of such studies are often younger!” and
have lower comorbidity compared with cancer
patients in the real-life setting.!®!° Studies on
colorectal or colon cancer patients in general that
did not provide results specific for stage III colon
cancer patients were excluded, except for those
that analyzed stage III together with high-risk
stage II patients because high-risk stage II patients
represented a small fraction of the study popula-
tions (<15%). In case multiple studies used the
same study population, the less informative arti-
cles were excluded (Figure 1). Studies published
as abstracts or posters only were excluded because
their information was not sufficient for quality
assessment.

Data extraction and quality assessment

Two authors (DB and KG) used pre-designed
data extraction forms to abstract data from the eli-
gible studies independently. One of the forms
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Figure 1. PRISMA flow diagram showing selection of eligible studies.
Seven (7] studies used different comorbidity groupings and reference groups and hence could not be included in the

quantitative analysis.

summarized basic characteristics of the studies
(e.g. first author, country, period of colon cancer
diagnosis, sample size), as reported in Table 1.
The second form summarized the results of each
of the studies as well as the covariates that were
adjusted for, as shown in Supplemental Tables
S2-83. We used the Newcastle—Ottawa Scale?° to
assess the quality and risk of bias of the included
studies. In brief, the included studies were assessed
against the following criteria: (i) representativeness
of the study sample, (ii) valid assessment of comor-
bidities, (iii) appropriate ascertainment of chemo-
therapy use, and (iv) adjustment for at least age
and year of colon cancer diagnosis in the multivari-
able analysis. Further details of the assessment cri-
teria and corresponding scores are shown in
Supplemental Table S4. The highest achievable
score was nine: higher scores indicate high quality
and low risk of bias. In case of initial disparity in
the data extraction or quality assessment between

the two authors, consensus was achieved through
additional review and comprehensive discussion.

Statistical analysis

Studies that used the same summary measure
[e.g. Charlson comorbidity index (CCI)%° and
Adult comorbidity evaluation (ACE-27)3!] or
assessed similar comorbid conditions were
selected for meta-analysis, if their reference
groups allowed for combination of risk estimates.
We treated RRs and ORs as equivalent estimates
because they were all derived from cohort studies.
In brief, we log-transformed the extracted esti-
mates and calculated their standard errors indi-
rectly.52 We then used both the fixed-effect and
random-effects models to estimate summary
ORs. Results from the random-effects models are
reported as the main results because they take
into consideration both within- and
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between-study heterogeneity.’> When studies
reported risk estimates for CCI scores >2 sepa-
rately, the estimates were first pooled using a
fixed-effect model before including them in the
main analysis (e.g. ORs for CCI 2 and 3+ were
combined to get an estimate for category CCI
2+).23:40:41,48 Some studies also reported results
stratified by sources of comorbidity information
(in-patient and outpatient records)?! and age at
diagnosis only (<75 and 75+ years),!%27 which
we combined in a similar way to derive estimates
for all comorbidity sources and for all ages,
respectively.

We assessed heterogeneity between studies using
the I? statistic, where I?>50% indicated substan-
tial heterogeneity.>* We also used the Egger’s test
to assess potential publication bias aside from
visualization with the funnel plot.5> The Trim-
and-Fill funnel plot method was moreover used
to investigate and correct for potential publica-
tion bias.>® We also conducted subgroup analyses
by combining studies according to specific comor-
bidities, timing of comorbidity assessments, year
of colon cancer diagnosis, geographical region,
and quality score. Variations (heterogeneity) in
the associations between comorbidity and chem-
otherapy use according to these factors were eval-
uated using a random-effects meta-regression.

Two-sided statistical testing was employed, with a
significance level of 5%. All analyses were per-
formed with the SAS software, version 9.4 (SAS
Institute, Cary, NC) and the “meta” package (ver-
sion 4.12-0)37 in R, version 3.6.3 (R Development
Core Team).

Results

Literature search and characteristics of the
included studies

The literature search yielded 842 records: 426
from PubMed and 416 from Web of Science
(Figure 1). After removal of duplicates and full-
text review, 33 studies were included in this review.
Of the 33 studies, 26 using similar comorbidity
scores and groupings or analyzing similar specific
comorbid conditions were included in the quanti-
tative synthesis. Of studies included in this review,
the majority (91%) were from North America
(18/33) and Europe (12/33, Table 1). Nearly all
the studies from North America originated in the
USA (16/18), and half the studies from Europe

were from the Netherlands (6/12). Almost all the
included studies were cohort studies (32/33), the
vast majority using data from population-based
cancer registries linked to hospital data (28/33). A
majority of the studies referred to patients diag-
nosed before 2010 (26/33). Over half of the studies
included patients of all ages (21/33), whereas
nearly half of the studies from the USA (7/16)
included only patients aged 65+ years. The sam-
ple sizes ranged from 126 to 124,008 patients, with
a total of over 219,406 colon cancer patients. Two
smaller studies additionally included high-risk
stage II colon cancer patients.37:48 The majority of
the studies adjusted for at least age in the analyses,
with the exception of six studies reporting crude
results only.10:1427,36,37.47 'The median quality
assessment score of the studies was 7/9 (interquar-
tile range, 6-7).

Assessment of comorbidity

About one-third of the studies (13/33) determined
comorbidities before or up to colon cancer diag-
nosis (Table 1), whereas approximately one-fifth
(7/33) determined comorbidities before colon
cancer surgery or during hospitalization for colon
cancer surgery. The majority of the studies evalu-
ated comorbidities from administrative data
(25/33), whereas one-fourth assessed them from
medical records (8/33). A majority of the studies
used summary measures of comorbidity (27/33),
mostly the CCI or its adaptation (22/27), with few
using the ACE-27 (z=3) or numeric count (n=3).

Our meta-analysis of 23 studies providing data on
the prevalence of comorbidity showed that over
half of the patients had at least one comorbid
condition (51.3%, 95% CI: 42.8% to 59.6%;
Table 2), but they differed by summary score.
For example, while the prevalence of comorbidi-
ties in patients assessed with ACE-27 was 78.8%,
it was 45.0% in patients assessed with CCI
(p<<0.001). The prevalence of comorbidities also
differed by geographical region even among stud-
ies that used the CCI. For example, CCI score
>0 was higher in Europe than in North America
(56.2% versus 40.3%), even though almost all the
studies from Europe included patients of all ages,
whereas nearly half of the North American stud-
ies included only patients aged 65+ years. The
prevalence of comorbidities increased from
38.8% in the studies including patients diagnosed
before 2001 to 53.1% in those including patients
diagnosed after 2010.
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Chemotherapy administration Table 2. Prevalence of comorbidity and administration of adjuvant

Of 26 studies providing data on chemotherapy chemotherapy, overall and by year of cancer diagnosis and geographical
use (Table 2), the proportion of patients receiving ' <9'°"™

chemotherapy was 60.9% (95% CI, 56.9% to  vyariable m Est. (95% Cl) p
64.9%). Chemotherapy use increased steadily —
over time; it increased from 57.1% in the studies  Prevalence of comorbidities
whose patients were diagnosed before 2001 to

0 l 23 51.3(42.8-59.6
66.3% in those whose patients were diagnosed vera [ ]
after 2010 (»p=0.04). Chemotherapy administra- By summary score <0.001
tion was 63.3% in Europe and 58.8% in North
America (p=0.25). cCl 18 45.0(37.1-53.3)

ACE-27 3 78.8 (70.0-85.5)

Associations of overall comorbidity with Count 2 58.7 (56.5-60.8)
chemotherapy administration ) ]

CCl by year of cancer diagnosis 0.38

Twenty-seven studies evaluated the associations
of summary measures [quantified by CCI Before 2001 4 38.8 (26.3-53.0)
(7’1 = 22)’7,9,10,21,23,25,26,29,31—33,35,40—49 by ACE_27

(n=13),27:36:3% or by numeric count (n=3)22:2847
one study reported results for both CCI and
numeric count?’] with chemotherapy use
(Supplemental Table S2). Regardless of how  CCl by geographical region 0.042
overall comorbidity was quantified, comorbidity

2001-2010 8 44.6(30.2-59.9)

2011-2017 3 53.1 (38.7-67.0)

was inversely associated with chemotherapy North America 10 40.3(30.4-51.1]
administration, but the associations were not sta- Europe 6 56.2 (45.2-66.7)
tistically significant in some of the smaller stud-

ies. 31394649 In one study, associations of Oceania 1 49.2 (42.1-56.3)
comorbidities with chemotherapy non-use were Asia . 25.0 (22.6-27.6)

only seen for comorbidities obtained from in-
patient records, but not for those obtained from  Administration of adjuvant chemotherapy
outpatient records.?!

Overall 26 60.9 (56.9-64.9)
Results from 15 out of the 22 studies using the CCI and
with similar comorbidity groupings were combined
in a meta-analysis (Figure 2).%10,21,23,25,32,35,40-44,47-49 Before 2001 5 57.1 (47.8-65.9)
Compared with patients with CCI score 0, those

By year of diagnosis 0.12

with scores 1 (OR=0.79, 95% CI=0.72-0.87) ANU=ATI 13 59.3(52.6-65.7)

and 2+ (OR=0.49, 95% CI=0.42-0.56) received 2011-2017 4 66.3 (60.8-71.2)
chemotherapy less often. There was a high degree _ _

of heterogeneity in the results (I =88%), Pyererogencity By geographical region 0.122
<0.01 and P=85%, pheerogenciy < 0-01 for CCI North America 16 58.8(52.9-64.5)

scores 1 and 2+, respectively). The funnel plot
suggested mild publication bias in the results for Europe 7 63.3 (58.1-68.3)
CCI 1 (Egger’s test p=0.06) but not for CCI 2+

(Egger’s test p=0.33, Supplemental Figure S1). Oceania 2 65.8 (62.4-69.1)
Correction with the Trim-and-Fill method led to Asia 1 67.0 (64.2-69.7)

an attenuation of the OR of chemotherapy use to

0.89 (95% CI=0.81-0.97, for CCI 1 versus 0). Prevalence estimates were calculated from the random-effects model, using the

random intercept logistic regression model based on the logit transformation.
. . o aFor differences between regions with two or more studies only.
Our meta-analysis of studies on the associations ACE-27, Adult comorbidity evaluation-27; CCI, Charlson comorbidity index;

of overall comorbidity quantified by ACE-27 Cl, Confidence interval; Est, Estimate (in percentage); n, Number of studies
score?’363 and numeric count?>2%47 with ~Includedinthe analysis.
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Author (year) Country N Odds Ratio OR 95%Cl W(random)
CCl score 1 versus 0

Gupta (2004) USA 3386* —— 0.82 [0.67;1.01] 8%
McGory (2006) USA 13231* - 0.82 [0.75;0.90] 9%
Cress (2009) USA 862 — 0.79 [0.53;1.17] 6%
Hu (2011) USA 9858 - 0.63 [0.57;0.70] 9%
van der Geest (2012) Netherlands 401 —_— 0.83 [0.48;1.42] 5%
Jorgensen (2014) Australia 580* 0.34 [0.16;0.72] 3%
Krarup (2014) Denmark 1406 —= 0.86 [0.74;0.99] 8%
Becerra (2015) USA 114429 0.84 [0.81;0.87] 9%
Murphy (2015) USA 1849* 1.00 [0.96;1.04] 9%
Booth (2016) Canada 2580 0.93 [0.85;1.02] 9%
van den Broek (2017)  Netherlands 186 0.31 [0.16;0.62] 4%
Yamano (2017) Japan 1037 0.64 [0.45;091] 6%
Boakye (2019) Germany 378 0.43 [0.22;0.84] 4%
Sarasqueta (2019) Spain 516 0.80 [0.48;1.34] 5%

Boyle (2020) UK
Fixed effect model

Random effects model
Heterogeneity: /2 = 88%, 77 = 0.0193, p < 0.01

9772

CCl score 2+ versus 0

0.80 [0.72;0.89] 9%

0.88 [0.86;0.90] —-
0.79 [0.72; 0.87] 100%

Gupta (2004) USA 3386* 0.56 [0.44;0.72] 8%
McGory (2006) USA 13231* 0.54 [0.48; 0.60] 9%
Cress (2009) USA 742 0.36 [0.19;0.69] 4%
Hu (2011) USA 8815 0.37 [0.33;0.42] 9%
van der Geest (2012) Netherlands 347 0.49 [0.27;0.88] 5%
Jorgensen (2014) Australia 580* 0.50 [0.24; 1.04] 4%
Karup (2014) Denmark 2027 - 0.68 [0.59; 0.79] 9%
Becerra (2015) USA 96810 0.54 [0.51;0.57] 10%
Murphy (2015) USA 1849* —_— 0.56 [0.36;0.88] 6%
Booth (2016) Canada 2488 - 0.67 [0.58; 0.78] 9%
van den Broek (2017)  Netherlands 245 <— 0.08 [0.04; 0.15] 4%
Yamano (2017) Japan 934 —_— 0.49 [0.31;0.77] 6%
Boakye (2019) Germany 416 —_— 0.32 [0.19; 0.54] 5%
Sarasqueta (2019) Spain 499 —_— 0.60 [0.30; 1.20] 4%
Boyle (2020) UK 7952 - 0.50 [0.44; 0.57] 9%
Fixed effect model ¢ 0.53 [0.51; 0.55] -
Random effects model L 4 0.49 [0.42; 0.56] 100%
Heterogeneity: 12 = 85%, T = 0.0455, p < 0.01
I T T 1
0.1 05 1 2 5

Figure 2. Meta-analysis of overall comorbidity quantified by CCl and chemotherapy administration.

“Total sample size.

Seven (7] studies used different comorbidity groupings and reference groups and hence could not be included in the
quantitative analysis. ORs and 95% Cls were calculated indirectly and might differ slightly from the original values (OR <1.00

indicates lower likelihood of receiving chemotherapy).

Size of data markers indicates the weight of each study in the analysis.
CCl, Charlson comorbidity index; Cl, Confidence interval; N, Sample size; OR, Odds ratio; UK, United Kingdom; USA, United

States of America; W, Weight.

chemotherapy administration is illustrated in
Figure 3. The associations of ACE-27 with
chemotherapy administration were modest, with
only the severe versus no comorbidity difference
reaching statistical significance (OR=0.52, 95%
CI=0.31-0.86). There was no evidence of het-
erogeneity in the results, and the funnel plot did
not suggest any publication bias (data not

shown). For the numeric count, we observed an
inverse association between number of comor-
bidities and chemotherapy use. Compared with
patients with no comorbidity, those with one and
2+ comorbidities had 44% (OR=0.56, 95%
CI=0.33-0.94) and 75% (OR=0.25, 95%
CI=0.09-0.69) lower odds of receiving chemother-
apy, respectively. There was a high degree of
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Author (year) Country N Odds Ratio OR 95%Cl Wf(random)
ACE-27: Mild vs. None
Kahn (2010) USA 461 —— 0.77 [0.45;1.32] 33%
Hoeben (2013) Netherlands 306 —— 0.79 [0.50; 1.25] 35%
Fleming (2014) USA 319 i 1.44 [0.81;2.56] 32%
Fixed effect model : 0.92 [0.68; 1.24] -
Random effects model 0.93 [0.64; 1.37] 100%
Heterogeneity: /12 = 37%, T° = 0.0416, p = 0.21
ACE-27: Moderate vs. None
Kahn (2010) USA 299 —— 0.63 [0.34;1.18] 33%
Hoeben (2013) Netherlands 282 —— 0.78 [0.49;1.25] 37%
Fleming (2014) USA 151 —— 1.09 [0.54;2.21 31%
Fixed effect model -~ 0.79 [0.57; 1.10] -
Random effects model - 0.79 [0.57; 1.10] 100%
Heterogeneity: 12 = 0%, 7 =0, p = 0.52
ACE-27: Severe vs. None
Kahn (2010) USA 267 —i— 0.39 [0.21;0.73] 33%
Hoeben (2013) Netherlands 243 —i— 0.42 [0.24;0.73] 35%
Fleming (2014) USA 235 —a— 0.90 [0.47;1.73] 32%
Fixed effect model - 0.51 [0.36; 0.73] -
Random effects model e 0.52 [0.31; 0.86] 100%
Heterogeneity: 1? = 51%, 77 = 0.1004, p = 0.13
Count: 1vs. 0
Lemmens (2005) Netherlands NR —- 0.80 [0.59;1.08] 35%
van Steenbergen (2010) Netherlands 1065 - 0.70 [0.52;0.94] 35%
van den Broek (2017)  Netherlands 242 —a— 0.26 [0.15;0.45] 30%
Fixed effect model > 0.65 [0.54; 0.79] -
Random effects model et 0.56 [0.33; 0.94] 100%
Heterogeneity: 1% = 84%, T2 = 0.1797, p < 0.01
Count: 2+ vs. 0
Lemmens (2005) Netherlands NR —i— 0.50 [0.31;0.82] 33%
van Steenbergen (2010) Netherlands 975 —- 0.40 [0.28;0.57] 37%
van den Broek (2017)  Netherlands 234 <— 0.07 [0.04;0.13] 30%
Fixed effect model - 0.32 [0.24; 0.41] -
Random effects model —ecosst S 0.25 [0.09; 0.69] 100%
Heterogeneity: 12 = 93%, T = 0.7476, p < 0.01
I T T 1
0.1 05 1 2 5

Figure 3. Meta-analysis of overall comorbidity quantified by ACE-27 score and numeric count and

chemotherapy administration.

ORs and 95% Cls were calculated indirectly and might differ slightly from the original values (OR <1.00 indicates lower

likelihood of receiving chemotherapy).

Size of data markers indicates the weight of each study in the analysis.
ACE-27, Adult comorbidity evaluation-27; Cl, Confidence interval; N, Sample size; NR, Not reported; OR, Odds ratio;

USA, United States of America; W, Weight.

heterogeneity (IP=84%, Phererogeneiy <0-01 and
P=93%, Pheterogeneiy << 0-01 for one and 2+ comor-
bidities, respectively) due to one small study that
reported crude results only.4” Removal of that
study yielded an I? of 0% (Pphererogencity = 0-15) and
the associations were attenuated (data not
shown). However, patients with one and 2+
comorbidities still had significantly lower odds of
chemotherapy use, 25% and 57%, respectively.

Associations of individual comorbidities with
chemotherapy administration

Our meta-analysis of studies on the associations
of diabetes (n=5),243437:38:48 myocardial infarc-
tion (n=2),3%%8 heart failure (n=4),2%37,39:48
stroke (n=2),3848 renal disease (n=2),3448 COPD
(n=16),22:2437-3948 and dementia (n=75)1421,30,34,39
with chemotherapy administration is shown in
Figure 4. Patients having any of these diseases
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Author (year) Country Odds Ratio OR 95% CI  W(random)
Diabetes (yes vs. no)
Gross (2007) USA 0.81 [0.68;0.97] 25%
Carpenter (2012) USA - 0.86 [0.71;1.05] 25%
Rodriguez (2013) USA — 1.12 [0.50; 2.52] 12%
Zanders (2013) Netherlands - 0.70 [0.52; 0.94] 23%
Boakye (2019) Germany — 0.41 [0.22;0.77] 15%
Fixed effect model ¢ 0.80 [0.71; 0.89 ——
Random effects model  / 0.78 [0.66; 0.92] 100%
Heterogeneity: /> = 36%, T# = 0.0122, p = 0.18
Myocardial infarction (yes vs. no)
Fleming (2014) USA —- 0.66 [0.32;1.35] 56%
Boakye (2019) Germany — 0.52 [0.21;1.26] 44%
Fixed effect model - 0.60 [0.34; 1.05 -
Random effects model - 0.60 [0.34; 1.05] 100%
Heterogeneity: ?= 0%, ?= 0,p =068
Heart failure (yes vs. no)
Gross (2007) USA 0.49 [0.40; 0.60] 47%
Rodriguez (2013) USA 0.16 [0.04; 0.63] 11%
Fleming (2014) USA —a 0.70 [0.38;1.28] 30%
Boakye (2019) Germany 0.21 [0.06; 0.71] 13%
Fixed effect model L 4 0.49 [0.40; 0.59 ——
Random effects model g 0.44 [0.28; 0.70] 100%
Heterogeneity: /* = 48%, 7 = 0.1011, p =0.12
Stroke (yes vs. no)
Zanders (2013) Netherlands | 0.60 [0.40; 0.90] 67%
Boakye (2019) Germany ——] 0.38 [0.15;0.97] 33%
Fixed effect model 0.56 [0.38; 0.81 -
Random effects model L 4 0.56 [0.38;0.81] 100%
Heterogeneity: 12 = 0%, =0, p = 0.38
Renal disease (yes vs. no)
Carpenter (2012) USA —- 0.91 [0.44;1.87] 58%
Boakye (2019) Germany —i— 0.18 [0.07;0.47] 42%
Fixed effect model . 0.51 [0.29; 0.91 ==
Random effects mode| e 0.42 [0.09;2.04] 100%
Heterogeneity: I = 86%, T* = 1.1248, p < 0.01
COPD (yes vs. no)
Lemmens (2005) Netherlands 0.30 [0.10; 0.90] 8%
Gross (2007) USA 0.83 [0.70; 0.99] 26%
Rodriguez (2013) USA —_—— 0.71 [0.27;1.88] 10%
Fleming (2014) USA —- 0.71 [0.45;1.12] 20%
Zanders (2013) Netherlands as 0.60 [0.47;0.76] 25%
Boakye (2019) Germany —_— 0.28 [0.12; 0.65] 12%
Fixed effect model ¢ 0.71 [0.63; 0.81 ==
Random effects model L g 0.63 [0.48; 0.83 100%
Heterogeneity: /2 = 59%, T* = 0.0530, p = 0.03
Dementia (yes vs. no)
Gupta (2004) USA —a— 0.22 [0.13;0.37] 21%
Baillargeon (2011) USA 0.31 [0.26; 0.37] 29%
Carpenter (2012) USA —a— 0.66 [0.38;1.16] 19%
Fleming (2014) USA 0.11 [0.01;1.04] 3%
Chen (2017) USA = 0.49 [0.40; 0.61] 28%
Fixed effect model ¢ 0.37 [0.33; 0.43 -
Random effects model > 0.37 [0.25; 0.54] 100%
Heterogeneity: 12 = 79%, 7 = 0.1142, p < 0.01

I T T 1

Figure 4. Meta-analysis of specific comorbidities and chemotherapy administration.

ORs and 95% Cls were calculated indirectly and might differ slightly from the original values (OR <1.00 indicates lower
likelihood of receiving chemotherapy).

Size of data markers indicates the weight of each study in the analysis.

Cl, Confidence interval; COPD, Chronic obstructive pulmonary disease; OR, Odds ratio; USA, United States of America; W, Weight.
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received chemotherapy less often, but the associa-
tions with myocardial infarction and renal disease
were not statistically significant. Associations var-
ied by comorbid condition and were strongest for
dementia (OR=0.37, 95% CI=0.33-0.54), fol-
lowed by heart failure (OR=0.44, 95% CI=0.28—
0.70) and stroke (OR=0.56,95% CI=0.38-0.81).
We observed no indication of publication bias
(Egger’s test p>0.13), but the associations for
renal disease, COPD, and dementia were hetero-
geneous. Meta-regression analysis suggested that
interactions of COPD with age and year of colon
cancer diagnosis accounted for all the between-
study heterogeneity (~100%) in the associations
for COPD (P0deration = 0-018; data not shown).
For the associations with dementia, interaction
with year of colon cancer diagnosis explained
about 80% of the between-study heterogeneity

(pmoderation = 0035) .

Subgroup analyses of overall comorbidity and
chemotherapy administration

Age at colon cancer diagnosis. Three studies con-
ducted subgroup analyses by age (<75 and 75+
years, Supplemental Table S2).10:27:33 WWhile
comorbidity was inversely associated with chemo-
therapy use in younger patients (<75years), no
associations were seen in older patients (75+
years). In one of the studies, there was a signifi-
cant interaction between comorbidity and age

(pinteraction =0. 004) 33

Comorbidity assessment time, year of diagnosis,
geographical region, and quality score. Inverse
associations between CCI score and chemother-
apy use were observed irrespective of timing of
comorbidity assessment, year of colon cancer
diagnosis, geographical region, or quality score
(Table 3).The results from the studies determin-
ing comorbidities before/at colon cancer surgery,
referring to patients diagnosed in 2001-2010,
and from North America were heterogeneous.
Meta-regression analysis showed that interac-
tions of CCI score with timing of comorbidity
assessment and year of colon cancer diagnosis
explained all the between-study heterogeneity
(~100%) in the associations for CCI 2+ (versus 0,
Prmoderation < 0.001), with year of diagnosis alone
explaining about 70% of the between-study het-
erogeneity  (Ppoderation = 0-003). The between-
study heterogeneity in the associations for CCI 1
(versus 0) was not explained by these factors
(data not shown).

Discussion

We summarized evidence on the associations
between comorbidities and chemotherapy admin-
istration in stage III colon cancer patients in a sys-
tematic review and meta-analysis, with a particular
focus on potential variations in the associations
by specific comorbidities. We observed a strong
inverse association between comorbidity and
chemotherapy use, but the association differed by
comorbid condition. Comorbidities showing the
strongest associations with chemotherapy non-
use were dementia, followed by heart failure and
stroke.

Our meta-analysis demonstrated that the preva-
lence of comorbidity differed by geographical
region, even among studies using the CCI. For
example, comorbidities were higher in Europe
than in North America. A possible explanation is
that the majority of the studies from North America
evaluated comorbidities from administrative data,
which have been suggested to mostly underesti-
mate the prevalence of comorbidities.’® OQur meta-
analysis also showed improvement in comorbidity
assessment or documentation over time, as Comor-
bidities were higher in the studies that included
patients with more recent years of colon cancer
diagnosis. This may also explain the observed
higher comorbidities in Europe than in North
America because the studies from Europe included
patients with more recent years of diagnosis.

Our study showed that chemotherapy administra-
tion has increased over time—from 57 % in patients
diagnosed before 2001 to 66% in patients diag-
nosed after 2010. However, we found that merely
60% of the patients received chemotherapy,
despite the established benefits of chemotherapy
for stage III colon cancer cases.®>*%59 Qur meta-
analysis of 15 cohort studies including 177,018
patients showed that patients with mild (CCI 1)
and moderate-severe comorbidity (CCI 2+) had
21% and 51% lower odds of receiving chemother-
apy, respectively. Similar patterns of inverse asso-
ciations between comorbidity and chemotherapy
use were observed across subgroups defined by
timing of comorbidity assessments, calendar year
of diagnosis, and geographical region. Concerns
about efficacy and less tolerability of chemother-
apy might explain the observed disproportionately
lower chemotherapy use in comorbid patients.
However, evidence on the risk-benefit ratio of
chemotherapy in stage III colon cancer patients is
still sparse. Data from three cohort studies?425.60
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Table 3. Subgroup analysis of studies® on associations between overall comorbidity quantified by the Charlson
comorbidity index and chemotherapy administration.

Groups OR (95% CI) 2 Pheterogeneity  Pmoderator (CCI 1, 2+)
Overall

CCI1 0.81(0.74-0.89) 89% <0.01

CCl 2+ 0.52 (0.46-0.59) 80% <0.01
Comorbidity assessment time 0.69,0.74
Before or at diagnosis

CCI1 0.78 (0.66-0.92) 40% 0.19

CCl 2+ 0.49 (0.41-0.60) 43% 0.17
Before or at surgery

CCI1 0.84(0.71-0.99) 95% <0.01

CCll 2-F 0.55 (0.43-0.71) 93% <0.01
Not reported

CCI1 0.79 (0.66-0.95) 29% 0.23

CCl 2+ 0.54 (0.51-0.57) 0% 0.79
Year of diagnosis 0.94, 0.003
Before 2001

CCI1 0.82 (0.75-0.89) 0% 0.98

CCl 2+ 0.54 (0.49-0.59) 0% 0.46
2001-2010

CCI1 0.86 (0.78-0.94) 60% 0.04

CCl 2+ 0.61(0.52-0.71) 72% <0.01
2011-2017

CCI1 0.80 (0.72-0.89) 0% 1.00

CCl 2+ 0.50 (0.44-0.58) 0% 0.61
Multiple decades

CCI1 0.70 (0.47-1.07) 97% <0.01

CCl 2+ 0.39 (0.31-0.51) 40% 0.19
Geographical region 0.64, 0.87
North America

CCI1 0.83 (0.74-0.93) 93% <0.01

CCl 2+ 0.52 (0.44-0.61) 87% <0.01

[Continued)
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Table 3. (Continued)

Groups OR (95% CI) 2 Pheterogeneity  Pmoderator” (CCI 1, 2+)
Europe
CCI1 0.81(0.74-0.89) 3% 0.39
CCl 2+ 0.53 (0.41-0.67) 71% <0.01
Oceania
CCI1 0.34(0.16-0.72) - -
CCl 2+ 0.50 (0.24-1.04) - -
Quality scoreb 0.82, <0.001
Low (<é)
CCI1 0.82 (0.68-0.99) 50% 0.09
CCl 2+ 0.63 (0.56-0.71) 0% 0.62
Moderate (7)
CCI1 0.84 (0.81-0.86) 0% 0.81
CCl 2+ 0.56 (0.50-0.62) 71% 0.02
High (8-9)
CCI1 0.73(0.51-1.03) 96% <0.01
CCl 2+ 0.38 (0.33-0.45) 1% 0.34

Reference group is patients with CCl score 0 (OR <1.00 indicates lower likelihood of receiving chemotherapy).
aTwo studies reporting crude results only were excluded (van den Broek et al.47 and Yamano et al.19).

bBased on the Newcastle-Ottawa scale.

¢p-values assess between-study heterogeneity of associations in the subgroups and were calculated from the random-
effects meta-regression using the restricted maximum likelihood method for estimation of between-study variance.
CCl, Charlson comorbidity index; Cl, Confidence interval, n, Number of studies; OR, Odds ratio.

suggest that some patients with comorbidities may
derive similar survival benefits from chemotherapy
as those not having comorbidities. A pooled analy-
sis of four trials also suggested that patients with
comorbidities experience comparable adverse
treatment effects as non-comorbid patients.®! In
the clinical trials, the incidence of grade 3/4 adverse
effects in patients with CCI scores 0-1 and 2+
who received oxaliplatin-based treatments were
54% wversus 56%, respectively. However, the trials
sampled relatively healthy patients. Also, the CCI
is only a summary measure of a broad and hetero-
geneous group of comorbidities. It is thus not clear
which specific comorbidities (type, severity) have
an impact on the risk of severe adverse effects. The
observational studies also did not consider severity
of comorbid conditions, frailty, or functional
status.?425:60 Thus, confounding by indication and

residual confounding due to insufficient adjust-
ment for comorbidities may have led to biased
results in these studies. Further studies overcom-
ing these important limitations are required to
clarify in which comorbid patients and to what
extent application of chemotherapy may improve
health outcomes. Also, the majority of the studies
assessing the effect of chemotherapy have focused
on survival as an endpoint,*%%%5° but evaluation of
quality of life is also important.

Among the included studies reporting age-stratified
analysis, 102733 comorbidities were associated with
chemotherapy non-use in patients aged <75 years,
whereas no associations were seen in older patients
(75+ years). Although there is no upper age limit
for administration of chemotherapy,?? several
studies have demonstrated substantially less
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frequent chemotherapy administration in older
patients,%8:° due to concerns about the risk—benefit
relation of chemotherapy in this patient group.
Our results indicate that comorbidities might play
more important roles in treatment decisions in
younger than in older patients. However, the lack
of significant associations among older adults
might be due to small number of patients without
comorbidities or receiving chemotherapy in this
age group. Further research providing age-stratified
analysis is thus needed to clarify whether and to
what extent the association between comorbidity
and chemotherapy use differs by age.

Although comorbidity was inversely associated
with chemotherapy use irrespective of how overall
comorbidity was quantified, the associations were
generally modest for the ACE-27 score. This
indicates that the effects of comorbidity on treat-
ment administration may differ by summary
scores and appear to be more pronounced for the
CCI score. Reasons for this disparity are unclear,
but a possible explanation may be the inclusion of
a large number of comorbidities in the ACE-27,51
some of which may be less correlated with chem-
otherapy use, unlike the CCI which considers
only 19 comorbidities.’® Also, in one of the
included studies, comorbidities obtained from
outpatient records only were not associated with
chemotherapy use, whereas strong associations
were reported for those obtained from in-patient
records.?! This suggests that studies using infor-
mation from outpatient records only for risk
adjustment may less accurately estimate the effect
of comorbidities, leading to residual confound-
ing. Further research comparing the predictive
capacities of various comorbidity scores and
information sources regarding treatment use will
be useful, as lower comorbidity of chemotherapy
recipients has been suggested to be associated
with better survival.48

Because summary scores provide little informa-
tion on the specific diseases that mainly affect
treatment administration, we additionally con-
ducted a meta-analysis on individual comorbidi-
ties. We found that the associations between
comorbidities and chemotherapy use differed by
comorbid condition. Dementia was the strongest
predictor of chemotherapy non-use, followed by
heart failure and stroke. Reasons for the stronger
association with dementia are unclear, but media-
tion by patient refusal may play a key role. Patient
refusal is one of the common reasons for chemo-
therapy non-use,® and cognitive impairment due

to dementia could result in patient refusal, by
interfering with patient communication, consent
for treatment, or adherence to therapeutic
advice.3? Another important finding that warrants
further investigation is the appropriateness of
using summary scores for confounder adjustment
in studies whose outcomes are not related to mor-
tality. For instance, in the CCI, heart failure,
COPD, diabetes, and dementia have a weight of
one, whereas renal disease has a weight of two.5°
We, however, observed that the associations of
dementia and heart failure with chemotherapy
non-use were stronger than that of renal disease.
Because the CCI weights were derived from mor-
tality risk estimates, it is possible that the risk esti-
mates for treatment use vastly differ from those
for mortality, as observed in our study. This sug-
gests that using information on type and severity
of comorbidities, rather than summary scores,
may provide better adjustment for confounding
in observational studies.

There are several other possible mechanisms
through which comorbidities may affect chemo-
therapy administration. First, evidence suggests
that patients with comorbidities are less likely to
be referred for oncological assessment and chem-
otherapy treatment,%3-%¢ both of which are associ-
ated with chemotherapy use.%> Second, patients
with comorbidities have increased risk of postop-
erative complications after colon cancer surgery,3>
which have also been suggested to be strongly
associated with chemotherapy non-use.35:4!
Third, in many countries, contraindications of
chemotherapy include poor functional status,5?
which strongly correlates with comorbidity.%°

Our findings highlight differences in important
characteristics such as comorbidities between
recipients and non-recipients of chemotherapy.
Yet, many observational studies evaluating the
effects of chemotherapy in colon cancer patients
lack information on comorbidities.%%7 Also, most
studies adjusting for comorbidities have only con-
sidered those relevant for calculating specific sum-
mary scores.*+48:59 For example, although psychotic
disorders such as schizophrenia are associated with
increased mortality in colon cancer patients,30:68
they are not part of the CCI.5° This may explain in
part why estimates of chemotherapy benefits are
usually larger in observational studies®#%5° than in
clinical trials.%> Treatment effect estimates from
observational studies should thus be interpreted
with caution, as they may be affected by residual
confounding due to suboptimal ascertainment of

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

D Boakye, R Nagrini et al.

comorbidities and rarely measured factors such as
frailty.

Our study was the first to quantify to what extent
comorbidities influence chemotherapy adminis-
tration in colon cancer patients in a meta-analy-
sis. The quality of the included studies was high,
and the majority adjusted for at least age, the
main predictor of chemotherapy use.%%° There
was, however, heterogeneity in some of the
results, mainly due to differences in year of colon
cancer diagnosis possibly because of changing
treatment recommendations.’® Because treat-
ment regimens vary by age or year of diagnosis,®®
we defined the outcome of this review as receipt
of any chemotherapy regimen. For instance, the
efficacy and safety of oxaliplatin-based therapies
in older patients are still controversial and hence
rarely applied in this patient group.’® Older
patients are thus often given less aggressive treat-
ments (e.g. capecitabine monotherapy, a 5-fluo-
rouracil pro-drug), but survival benefits of
different regimens in older patients are compara-
ble.”? Also, the inverse associations between
comorbidity and treatment administration might
be stronger for aggressive (e.g. oxaliplatin-based
therapies) than for less aggressive treatments,
which might explain in part the observed stronger
associations in younger patients. Future studies
should assess this knowledge gap.

Our study has some limitations. First, even
though we did not restrict our electronic litera-
ture search to specific languages, it is possible
that some relevant studies (e.g. those published
in languages other than English or German)
were missed. Also, like all reviews, our results
might be affected by selective reporting arising
from unpublished studies with non-significant
results. However, the funnel plot suggested only
mild publication bias in the results for CCI
score. Second, the use of various comorbidity
scores and groupings precluded us from com-
bining results from all the included studies.
However, similar patterns of inverse association
between comorbidity and chemotherapy admin-
istration were also reported by those studies that
could not be included in this meta-analy-
sis.7:26,:29,31,33,:45:46  'Thijrd, about one-third of the
studies did not report when comorbidities were
determined,10:25:34-37,39,40:42,46,49  and one study
determined comorbidities up to the time of chemo-
therapy administration.*> These might result in
reverse causality (e.g. comorbidities due to chem-
otherapy treatment), but the meta-regression

analysis showed no indication of significant
effect modification by timing of comorbidity
assessments. Lastly, other factors such as micros-
atellite instability’? and functional status®? also
affect treatment decisions, but only three studies
adjusted for functional status.%%8:49

Conclusion

Results from this first systematic review and meta-
analysis suggest that comorbidities are strong pre-
dictors of chemotherapy non-use in stage III colon
cancer patients besides older age. The association
differs by comorbid condition and is strongest
with dementia. Given the survival disadvantage of
colon cancer patients with comorbidities, further
evidence is needed on the risk—benefit ratio of
chemotherapy according to the type and severity
of comorbidity. Also, quantifications of the pro-
portions of chemotherapy non-use that are attrib-
utable to comorbidities and the extent to which
the survival disadvantage of comorbidity is
explained by less use or lower tolerability of chem-
otherapy are research gaps. Dedicated studies
answering these important questions could pro-
vide further evidence to foster personalized medi-
cal care in patients with comorbidities.
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