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ABSTRACT

Background and Objectives: After cT1-2NOMO colorectal cancer (CRC) definitive resection (colectomy/proctectomy) without
pathologic upstaging, only observation is recommended given the lack of benefit from adjuvant treatment, which would
constitute overtreatment. This study aims to determine risk factors and overall survival (OS) associated with overtreatment in
early-stage CRC.

Methods: This National Cancer Database study included cT1-T2NOMO CRC patients who underwent definitive resection
between 2010 and 2020. Multivariable logistic regressions were performed to assess overtreatment risk factors. After propensity-
matching, Kaplan-Meier survival analyses and multivariable Cox proportional-hazards analyses were performed to assess the
association of overtreatment with OS.

Results: Of 22 875 colon cancer and 4198 rectal cancer cases, 144 (0.6%) and 82 (2.0%) were overtreated, respectively. Colon
cancer overtreatment was associated with younger age (aOR = 0.96, 95% CI = 0.95-0.98), Black race (aOR = 1.94, 95% CI = 1.26-
2.99), and pT2 vs. pT1 (aOR =1.66, 95% CI =1.19-2.33). Rectal cancer overtreatment was associated with pT2 (aOR = 2.58,
95% CI =1.59-4.19), poor/undifferentiated grade (aOR = 2.61, 95% CI = 1.44-4.76), and high-risk histology (aOR = 3.20, 95%
CI =1.22-8.40). In the propensity-matched cohorts, overtreatment was associated with worse OS for colon (HR = 1.40, 95%
CI =1.01-1.93) but not rectal cancer (HR =1.05, 95% CI = 0.66-1.68).

Conclusions: Patient and tumor characteristics predicted early-stage CRC overtreatment. Overtreatment was associated with
worse OS for colon but not rectal cancer.

1 | Introduction therapy with mixed clinical results [10-17]. Age, sex, race,

insurance status, and pre-existing comorbidities have been

Although undertreating cancer may traditionally be more
feared than overtreatment, there is a growing consensus on the
harm caused by overtreating cancer [1-9]. Practice patterns are
not uniform across different treatment centers: variations in
patient characteristics, histologic assessment, and provider
decision-making can lead to treatment inconsistencies that
subject certain patient populations to guideline-discordant

identified as potential risk factors for guideline-discordant
treatment across different cancer types [18-20].

With over 150 000 Americans being diagnosed with colorectal
cancer (CRC) annually [21], CRC overtreatment has the
potential to harm a substantial number of patients. According to
National Comprehensive Cancer Network (NCCN) guidelines,
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definitive surgery alone (colectomy for colon cancer and proc-
tectomy with mesorectal excision for rectal cancer) is considered
curative for cT1-2NOMO CRC [22, 23]. In the absence of patho-
logic upstaging, only observation is recommended, irrespective of
the presence of high-risk features [22, 23]. Any adjuvant therapy
in this case poses greater potential risk (e.g., toxicity, decreased
quality of life, anxiety, and financial burden) than benefit [24],
constituting overtreatment [22, 23]. Studies have shown that
CRC patients treated in accordance with NCCN guidelines
have better outcomes than those with NCCN discordant
treatment; most of these studies have primarily focused on
cancer care delay or undertreatment [25-28]. Less is known
about the risk factors or the impact of overtreatment on CRC
patients.

Despite some work assessing guideline-discordant treatment of
colon cancer a decade ago [19, 20], no recent multi-institutional
studies have comprehensively evaluated risk factors and sur-
vival outcomes associated with overtreatment in both colon and
rectal cancer across all age groups [29]. This study addresses
this gap by using the National Cancer Database (NCDB) to
identify the predictors and overall survival (OS) impact of early-
stage CRC overtreatment, aiming to inform more evidence-
based and individualized treatment strategies, guidelines, and
quality-improvement initiatives. Specifically, this study aims to
test our hypotheses that specific patient, tumor, and treatment
facility characteristics are associated with an increased risk of
overtreatment and that overtreatment negatively impacts OS.

2 | Methods
2.1 | Study Design and Population

This was a retrospective study from the NCDB that included
patients aged 18-89 who underwent curative-intent surgery
between 2010 and 2020 across 1400 US hospitals, capturing
about 70% of new cancer diagnoses in the United States [30, 31].
Cases included patients who underwent clinical stage T1-
T2NOMO colon or rectal cancer resection. Since rectal cancer
care exhibits nontrivial differences in treatment paradigms such
as radiation, it was examined separately. Exclusion criteria

a)

Pathologic stage T1-2, NO, MO with
negative surgical margins

included positive final surgical margins, preoperative systemic
therapy or radiation, transanal or endoscopic excision, post-
operative radiation for colon cancer, and missing data for any of
the study variables. To avoid including patients who might have
received therapy for recurrence rather than adjuvant intent as
validated by previous work [32], patients who received adjuvant
therapy more than 6 months after surgery were also excluded.
The study was considered exempt from the IRB given the fully
deidentified nature of the database. This study was conducted
in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guidelines.

2.2 | Outcomes

Overtreatment was defined as receipt of adjuvant chemotherapy
(or adjuvant radiation for rectal cancer). A detailed process for
categorization of patients by overtreatment is presented in
Figure 1. Only Stage I CRC patients who underwent definitive
surgery (colectomy or proctectomy with mesorectal excision)
were included, in accordance with NCCN guidelines deeming
surgery alone curative for cT1-2NOMO disease regardless of
high-risk features. Exclusion of patients with non-curative
procedures and positive margins ensured consistent classifica-
tion of overtreatment. As validated by previous NCDB studies
[20], the primary outcome was the difference in OS (from date
of diagnosis) between patients who were overtreated vs. patients
who did not receive overtreatment. Secondary measures
included risk factors associated with receipt of overtreatment.

2.3 | Statistical Analyses

To compare cohorts by overtreatment and identify risk factors,
we performed chi-square and Fisher's exact tests for categorical
variables as appropriate and Wilcoxon rank-sum tests for con-
tinuous variables. p values were derived from two-tailed tests,
and significance was set a priori at p <0.05. Univariable and
multivariable logistic regressions were performed to assess if
patient, hospital, and tumor characteristics were predictors of
overtreatment. Covariates included age, sex, race, insurance,

Adjuvant chemotherapy
Overtreatment

Colectomy of clinical stage T1-2,
NO, MO colon cancer

Observation

Adherence to NCCN guidelines

Pathologic stage T3-4, N1-3, or M1
or positive surgical margins

b)

Pathologic stage T1-2, NO, MO with
negative surgical margins

Adjuvant chemotherapy or radiation
Overtreatment

Proctectomy with mesorectal
excision of clinical stage T1-2, NO, ~———
MO rectal cancer

Observation

Adherence to NCCN guidelines

Pathologic stage T3-4, N1-3, or M1
or positive surgical margins

FIGURE 1 | Overtreatment classification based on National Comprehensive Cancer Network (NCCN) guidelines for (a) colon and (b) rectal

cancer.
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Charlson-Deyo Comorbidity Index, treatment facility type, top
quartile facility case volume, histologic grade, histologic type,
and clinical and pathologic T stage.

p
0.182
<0.001
NA
NA

To create balanced samples for survival analyses, we created
separate matched cohorts for colon and rectal cancer by
overtreatment. Propensity matching with and without
overtreatment (adjusting for the same covariates used in
multivariable regression) was performed for colon and rectal
cancer cases at a ratio of 10:1 to sufficiently power statistical
analyses, which is a standard practice in the literature
[33, 34]. A standardized mean difference (SMD) of < 0.15 was
considered balanced [33]. Kaplan-Meier survival analyses with
log-rank tests as well as univariable and multivariable
Cox proportional hazards analyses were performed to assess
the association of overtreatment and matching variables
with OS.

Overtreatment
1 (1.2%)
35 (42.7%)
47 (57.3%)
24 (29.3%)
58 (70.7%)
66 (80.5%)
61 (74.4%)

Rectum

5 (0.1%)
2063 (50.1%)
2053 (49.9%)
2149 (52.2%)
1967 (47.8%)

0 (0%)
0 (0%)

3 | Results

No overtreatment

After exclusion, the total colon cancer cohort included 22 875
cases, of which 144 (0.6%) received overtreatment (Table 1;
Figure S1). The total rectal cancer cohort included 4198 cases, of
which 82 (2.0%) received overtreatment. Among rectal cancer
overtreatment cases, 21 (25.6%) involved chemotherapy only, 16
(19.5%) involved radiation only, and 45 (54.9%) involved both
chemotherapy and radiation.

p
0.001
0.009

NA
NA

On multivariable logistic regression (Table 2), overtreatment of
colon cancer was associated with younger age (aOR =0.96, 95%
CI =0.95-0.98, p < 0.001), Black race vs. White (aOR =1.94, 95%
CI=1.26-2.99, p=0.002), race other than White or Black
(aOR =2.04, 95% CI=1.06-3.95, p=0.034), and pathologic Stage
T2 vs. T1 (aOR=1.66, 95% CI=1.19-2.33, p=0.003). Over-
treatment was not associated with female sex (aOR =0.73, 95%
CI =0.52-1.02, p = 0.063), above median income (aOR = 0.71, 95%
CI=0.51-1.00, p=0.050), poor/undifferentiated grade (aOR =
1.58, 95% CI=0.95-2.64, p=0.080), and high-risk histology
(aOR=1.76, 95% CI=0.98-3.15, p=0.057). Overtreatment of
rectal cancer was associated with pathologic Stage T2 vs. T1
(aOR =2.58, 95% CI =1.59-4.19, p < 0.001), poor/undifferentiated
grade (aOR=2.61, 95% CI=1.44-4.76, p =0.002), and high-risk
histology (aOR = 3.20, 95% CI =1.22-8.40, p = 0.013).

Overtreatment
3(2.1%)
76 (52.8%)
68 (47.2%)
61 (42.4%)
83 (57.6%)
144 (100%)

Colon

14 896 (65.5%)
7835 (34.5%)
12 106 (53.3%)
10 625 (46.7%)
0 (0%)

No overtreatment
80 (0.3%)

The propensity-matched cohorts included 144 overtreatment
and 1418 non-overtreatment colon cancer cases as well as 82
overtreatment and 786 non-overtreatment rectal cancer cases
(Table S1). All SMDs were less than 0.15, indicating appro-
priate balance (Table S2). Colon cancer overtreatment ex-
hibited a nonsignificant trend toward worse OS on Kaplan-
Meier survival analysis (Figure 2; p =0.105). Rectal cancer
overtreatment was not associated with an OS difference on
Kaplan-Meier survival analysis (p =0.693). On Cox propor-
tional hazard analysis (Table 3), overtreatment for colon
cancer was independently associated with worse OS
(HR=1.40, 95% CI=1.01-1.93, p=0.042) after controlling
for propensity-matched variables. This indicates a 40%
increased hazard of death. Overtreatment for rectal cancer
was not independently associated with an OS difference
(HR =1.05, 95% CI=0.66-1.68, p = 0.844).

(Continued)
Signet ring cell carcinoma
Adjuvant chemotherapy
Adjuvant radiation

Clinical T stage
Pathologic T stage

Variable

cT1
cT2
pT1
pT2

Abbreviations: IQR, interquartile range; NA, not applicable.

Note: Values significant at p < 0.05 are bolded.

TABLE 1
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a Strata = No Overtreatment —~ Overtreatment

°
=
o

Survival Probability
°
8

°
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2

p=.105

b) Strata <+ No Overtreatment -~ Overtreatment

Survival Probability
° °
8 3

°
N
&R

p=.693

0.00

0 12 24 3% 48 60 0 12 24 38 48 60
Time (Months) Time (Months)
Number at Risk (Cumulative Deaths) Number at Risk (Cumulative Deaths)
S |1a11(1) 1322 (59! 1225 (92) 1110 (128) 988 (164) 862 (197) g — 786 (0) 747 (28) 683 (49 581 (70) 502 (86) 408 (102)
0 12 24 36 43 60 0 12 24 6 48 0
Time (Months) Time (Months)
FIGURE 2 | Kaplan-Meier survival analyses by overtreatment for (a) colon and (b) rectal cancer.
4 | Discussion significant difference in survival for Stage II colon cancer

This study shows that overtreatment of early-stage colon and
rectal cancer is rare, occurring in only 0.6% and 2.0% of cases,
respectively. However, overtreatment is associated with distinct
demographic and tumor characteristics. For colon cancer,
younger age, Black and other non-White race, and pathologic
Stage T2 (compared to pT1) are significant predictors of over-
treatment, with nonsignificant trends suggesting associations
with poor/undifferentiated grade, high-risk histology, lower
income, and male sex. For rectal cancer, overtreatment is
associated with pathologic Stage T2, poor/undifferentiated
grade, and high-risk histology. Importantly, overtreatment of
colon cancer is independently associated with worse OS, while
no significant OS difference is observed for rectal cancer
overtreatment.

Several studies have examined the factors leading to over-
treatment of different types of cancer. For example,
Papaleontiou et al. [35] found that case volume played a sig-
nificant role in the overtreatment of low-risk thyroid cancer
with radioactive iodine (RAI). Pak et al. [36] and others ex-
plored overtreatment at various stages of breast cancer man-
agement. Howard et al. [18] identified racial, sexual, and
insurance status differences in the over- and under-treatment of
renal cancers. The demographic variables identified in our
study align with those highlighted by Howard et al. [18] in the
treatment of renal cancers.

In addition to other types of cancer, some demographic vari-
ables have been examined in NCCN-discordant colon cancer
treatment. Previous work on colon cancer showed that adults
under 50 years old with more comorbidities were significantly
more likely to receive adjuvant chemotherapy compared to
older patients, with a marginal improvement in survival [20].
Our study validates these results, as we also find that over-
treatment is associated with younger age in colon cancer pa-
tients. While Kneuertz et al. did not have enough patients to
analyze Stage I colon cancer, the study found no statistically

treated with adjuvant chemotherapy [20]. Using less stringent
exclusion criteria for 2003-2007 data, Chagpar et al. [19] found
an overtreatment rate of 2.8% as well as an association between
age, race/ethnicity, and insurance status with NCCN-discordant
treatment of Stage I colon cancer. We similarly found that age,
race, and pathologic T stage were significant predictors for a
patient receiving overtreatment for colon cancer. Given that
young-onset colon cancer is associated with more advanced
disease at diagnosis [37] and that Black patients generally ex-
perience worse outcomes in colon cancer [38, 39], we hypoth-
esize that these patients are treated more aggressively and are
more likely to receive NCCN-discordant regimens. We also
believe the lower rate of Stage I colon cancer overtreatment
(0.6%) from 2010 to 2020 may be due to changed NCCN
guidelines backed by substantially more literature.

This study found a higher rate of overtreatment for rectal cancer
compared to colon cancer. Colon and rectal cancers, while often
grouped under the umbrella of CRC, exhibit distinct tumor
biology and are typically managed with different therapeutic
protocols. From a biological perspective, rectal cancers are more
likely to exhibit higher rates of microsatellite stability, and a
distinct tumor microenvironment compared to colon cancers
[40, 41]. Additionally, rectal tumors tend to have a higher
propensity for local recurrence, which often justifies the use of
neoadjuvant radiation therapy [42]. Surgery for rectal cancer is
significantly more challenging with a higher risk of morbidity
[43]. Along with biology, management also differs, with colon
cancer treated with surgery followed by observation or adjuvant
chemotherapy based on pathologic staging and high-risk fea-
tures [44]. Conversely, rectal cancer often involves a multi-
modal approach, including neoadjuvant chemoradiation
followed by surgery, and sometimes adjuvant chemotherapy
depending on the clinical and pathological stage. Accordingly,
the addition of adjuvant therapy in early-stage rectal cancer,
particularly when not clinically indicated, may be less impactful
on OS due to prior exposure to neoadjuvant treatments or may
reflect more nuanced clinical decision-making. These inherent
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differences in biology and treatment strategies may help explain
why overtreatment was associated with worse OS in colon
cancer but not in rectal cancer in our study.

Compared to previous work, our study is unique in that we used
NCDB data through 2020 and had a large enough cohort to
assess a wider range of potential risk factors for overtreatment
among patients with Stage I colon cancer. Moreover, we per-
formed propensity matching for several demographic and
oncologic variables to control for covariates and assessed the OS
impact of overtreatment in Stage I colon cancer. Additionally,
our study not only added novel insights to prior research on
colon cancer overtreatment but also analyzed rectal cancer,
which was twice as prevalent as colon cancer. This discrepancy
may be due to differences in biology and treatment strategy.

5 | Limitations

This NCDB study exhibits some limitations. One potential
limitation is the relatively small number of patients receiving
overtreatment compared to the total cohort. Specifically, there
were 144 and 81 overtreatment cases for colon and rectal can-
cer, respectively, out of tens of thousands of CRC cases without
overtreatment. This discrepancy could introduce sampling bias
and potentially limit the identification of overtreatment risk
factors. Nevertheless, we used multivariable analysis and pro-
pensity matching to mitigate this concern. The sample sizes
were sufficiently large to generate narrow confidence intervals,
supporting the validity of our analysis. Moreover, our findings
exhibit a discrepancy in that overtreatment of colon cancer was
independently associated with worse OS in the adjusted Cox
proportional hazards model (p = 0.042), whereas the unadjusted
Kaplan-Meier analysis showed only a nonsignificant trend to-
ward worse survival (p =0.105), which suggests the observed
survival difference may be influenced by statistical adjustments.
One possible explanation is that confounding variables con-
trolled for in the Cox model, such as demographic and onco-
logic factors, help reveal an association that is otherwise
obscured in the unadjusted analysis. Additionally, the relatively
small number of overtreatment cases may contribute to model
instability that results in borderline statistical significance near
the p<0.05 threshold. External validation in independent
patient cohorts would help determine if the discrepancy is due
to model instability or an obscured association on univariable
analysis that would be cleared in a specific subpopulation.
Additionally, NCDB provides limited data on variables related
to surgical outcomes, quality of life, or other patient-centered
outcomes. We are unable to determine the effect of over-
treatment on colorectal-specific adverse events (e.g., perforation
or colitis). Similarly, NCDB might not include all variables that
drive adjuvant therapy decisions. Unmeasured factors such as
patient performance status, physician judgment, and individual
patient preferences are not captured in the NCDB. These vari-
ables likely affect both treatment selection and subsequent
outcomes, introducing the potential for residual confounding.
Without accounting for these factors, our findings may be in-
fluenced by unmeasured selection biases that could either
overestimate or underestimate the impact of overtreatment on
survival. However, NCDB's strengths include its large patient
population (capturing about 70% of cancer cases [31]) and

extensive cancer treatment data, which have been leveraged in
numerous CRC studies [10, 14, 19, 20, 33, 45-47]. Future
research incorporating more granular clinical variables, patient-
reported outcomes, and prospective data collection would pro-
vide a more comprehensive understanding of how over-
treatment impacts long-term patient outcomes.

6 | Conclusions

In this large NCDB analysis, overtreatment of early-stage CRC
was uncommon yet clinically significant. While only a small
proportion of patients with colon (0.6%) and rectal (2.0%) cancer
received overtreatment (i.e., adjuvant therapy despite NCCN
guideline recommendations for surgery alone), certain demo-
graphic (e.g., younger age, non-White race) and tumor-related
(e.g., higher T stage and poor differentiation) factors were asso-
ciated with increased odds of overtreatment. Overtreatment was
significantly associated with worse OS in colon cancer but not
rectal cancer, suggesting potential differences in treatment
paradigms or disease biology. While undertreatment of cancers
can be harmful, these findings highlight the importance of
physicians’ understanding of NCCN guidelines and caution
against adjuvant therapy overuse, which will help minimize
systemic toxicity and improve outcomes, especially in certain
patient populations. Factors regarding the institution (e.g.,
institutional guidelines), physician (e.g., experience with disease
pathology), and patient (e.g., preference) should be teased out to
understand their impact on the administration of adjuvant
treatment and clinical outcomes. Understanding the drivers of
overtreatment can help implement system-level interventions to
promote both guideline-concordant and individualized care.
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