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potential connection between TB and obesity.58 More molecular studies are needed to better
elucidate the association between TB and obesity, but to our knowledge, our study is the first to
identify this association.

Among other high-risk histological features, we identified an association between higher grades
of TB and PDCs. The major difference between the 2 grading systems is that a tumor bud is defined
as a group of fewer than 5 cells whereas a PDC is a larger cluster of at least 5 cells, thus more easily

Table 2. Multivariable Analysis of Clinical and Histological Factors Associated With TB

Factor OR (95% CI)a P value
BMI

With or without obesityb 4.25 (1.95-9.26) <.001

TNM stagec

Stage II vs I

High or intermediate vs low TB 0.83 (0.32-2.20)

.04

High vs intermediate or low TB 1.02 (0.33-3.11)

Stage III vs I

High or intermediate vs low TB 2.91 (1.00-8.49)

High vs intermediate or low TB 3.32 (1.06-10.41)

Tumor location

Cecal vs noncecal 2.55 (1.09-5.97) .03

Poorly differentiated tumor clusters grade

2 vs 1 9.14 (3.49-23.93)
<.001

3 vs 1 5.10 (2.30-11.27)

Infiltrative tumor border 1.03 (1.01-1.04) <.001

Abbreviations: BMI body mass index (calculated as weight in kilograms divided by height in meters squared); OR, odds
ratio; TB, tumor budding.
a A partial proportional odds logistic model for TB was used with BMI, age, sex, race, TNM stage, tumor location,

Appalachian status, poorly differentiated tumor clusters, desmoplasia, infiltrative tumor border, tumor-to-stroma ratio,
Klintrup-Mäkinen inflammatory score, and tumor necrosis as explanatory variables. Proportional odds were assumed for
all explanatory variables except for sex, TNM stage, Klintrup-Mäkinen inflammatory score, and tumor necrosis. A Wald
test was performed to assess the association between TB and each of the explanatory variables. Only variables with
P < .05 are reported in the table. For TNM stage that showed nonproportional odds effects, 2 ORs are reported for each
contrast, 1 comparing high or intermediate with low TB and the other comparing high with intermediate or low TB. For
other variables that showed a proportional odds effect, a common odds ratio is reported. Detailed model specifications
and complete model fitting results are provided in the eAppendix in the Supplement.

b Obesity was defined as BMI of 30 or greater.
c TNM stage based on American Joint Cancer Committee seventh edition staging system.

Figure 2. Kaplan-Meier Plot of Survival by Tumor Budding Grade
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seen on hematoxylin and eosin stain.59 Like TB, PDCs are independent prognostic factors for
CRC.26-28 Studies that use both TB and PDCs prior to standard reporting of TB are rare, but Lee et al59

demonstrated that TB and PDCs have high concordance in evaluating stage II colon cancers. Similarly,
our results demonstrated that PDC grade 2 or 3 tumors have a significantly higher association with
higher-grade TB compared with PDC grade 1 tumors. PDCs, like TB, show evidence of EMT and may
even represent different phases of the same tumor growth.60 Our results also indicate that the 2
grading systems are very similar and may eventually result in the merging of the 2 systems.

A higher amount of infiltrative type of tumor borders also has been associated with a more
aggressive tumor biology, poor CRC survival, and early recurrence.39 We found a significant
association between TB and infiltrative tumor border. TB is often seen superimposed over the
infiltrative tumor border, but because TB is observed only at high magnification, it is not used to
define an infiltrative tumor border.39,61 Nevertheless, infiltrative tumor borders have been shown to
be predictive of TB and have a synergistic effect in predicting mortality.62 We did not identify a
statistically significant association between desmoplastic reaction and TB. Desmoplastic reaction at
the tumor border and a low tumor-to-stroma ratio are other important prognostic factors for CRC
survival. Cancer-associated fibroblasts that contribute to peritumoral desmoplasia also promote
tumor growth through stimulating EMT and CSCs.38 Because TB has been postulated to comprise
tumor cells undergoing EMT, there may be a complex interplay between TB and cancer-associated
fibroblasts.63

Interestingly, we found that cecal cancers were associated with higher TB grades. Landau et al64

demonstrated cecal adenocarcinomas have higher levels of KRAS alterations and unfavorable
histopathological features, including, notably, TB. Similarly, others have reported65-67 that cecal
cancers tend to be more aggressive, have higher T stage, tumor grade, and TB grade, resulting in
worse survival compared with left-sided CRCs. Additionally, right-sided colon cancers tend to be
mismatch repair deficient, which has been shown to be associated with higher grade TB.68 In fact, TB
has been found to provide prognostic information for mismatch repair deficient tumors with distant
metastasis.69 Unfortunately, our database was not able to obtain accurate mismatch repair status for
comparison. Lastly, we found higher TNM stage was associated with higher grades of TB.23

Consistent with these findings, a higher grade of TB at the invasive edge also portends worse
survival.25,70 Interestingly, patients with stage II CRC with high-grade TB had a similar survival as

Table 3. Multivariable Cox Proportional Hazards Regression Survival Analysis

Factor HR (95%CI) P value
Tumor budding grade

Intermediate vs low 2.20 (1.11-4.35)
.005

High vs low 2.67 (1.45-4.90)

Tumor location

Cecal vs noncecal 1.02 (0.56-1.88) .94

Age, y

50-74 vs <50 1.30 (0.57-2.98)
<.001

≥75 vs <50 3.89 (1.59-9.50)

Sex

Men vs women 0.85 (0.52-1.38) .51

Racea

White vs Black 1.75 (0.60-5.10) .30

Appalachian status

Appalachian vs non-Appalachian 1.11 (0.67-1.84) .69

TNM stageb

Stage II vs I 1.27 (0.65-2.45)
.37

Stage III vs I 1.61 (0.82-3.14)

BMI

With vs without obesityc 1.13 (0.66-1.93) .65

Abbreviations: BMI, body mass index (calculated as
weight in kilograms divided by height in meters
squared); HR, hazard ratio.
a Patients with Asian or unknown race (n = 3) were

excluded in this analysis.
b TNM stage based on American Joint Cancer

Committee seventh edition staging system.
c Obesity was defined as BMI of 30 or greater.
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