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Abstract

Background and Objectives: Increasing lymph node harvest for right‐sided colon

cancer is associated with improved overall survival (OS), but most relevant studies

failed to report the extent of resection. We examined the association between

increasing lymph node count with standard right hemicolectomy according to nodal

status and prognostic outcomes in right‐sided tumors.

Methods: Retrospective analysis of prospectively collected clinical data from

patients with proximal colonic adenocarcinomas (n = 1390) following right hemi-

colectomy. Associations between lymph node counts (0–12 vs. 13–15, 16–20, and

>20) and recurrence‐free survival (RFS) and OS were examined using multivariate

Cox modeling adjusted for confounders.

Results: We found no association between increasing nodal count and RFS,

regardless of nodal status. In the absence of nodal metastases, increasing nodal

count (16–20 and >20 vs. 0–12 nodes) was associated with 57% (95% confidence

interval [CI]: 0.21–0.89) and 52% (95% CI: 0.24–0.95) improved OS, respectively. In

the presence of nodal metastases, increasing nodal count was not associated with

OS. Adjuvant chemotherapy did not modify this effect.

Conclusion: Increasing nodal count (>15 nodes) with right hemicolectomy was not

associated with improved RFS. Improved OS was only found for node‐negative

tumors, casting some doubt on the benefits of resecting more lymph nodes in the

presence of nodal metastases.
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1 | INTRODUCTION

Standard treatment for right‐sided colon cancer comprises resection

of the primary tumor and associated tumor‐draining lymph nodes.

Previous studies found increasing nodal count is associated with

improved recurrence‐free survival (RFS),1–3 and survival out-

comes.2,4–6 Further, two large National Cancer Database studies

recently found yields of ≥227 and ≥24 nodes,8 respectively, had the

highest overall survival (OS). Similarly, studies have found more

extensive surgery for proximal tumors (complete mesocolic excision

[CME] with central vascular ligation or extended lymph node

dissection [D3 lymphadenectomy]), resulting in higher lymph node

yields, is associated with superior prognostic outcomes compared

with less extensive surgery (non‐CME and D2).6,7,9–11

Studies stratifying by nodal status have also found increasing

numbers of negative nodes harvested were associated with improved

RFS,3,5 disease‐specific survival,12 and OS.5 A further substudy of

3648 participants enrolled in a multicenter adjuvant trial in Italy by

Prandi et al.2 found increasing numbers of positive nodes harvested

was not associated with improved disease‐free survival or OS using

univariate analysis.

However, evidence for the positive association between increas-

ing node yields and improved prognostic outcomes in right‐sided

colon cancers is compromised due to limitations of previous studies.

Several studies, especially those utilizing large national databases,

provided little or no information regarding the extent of resec-

tion.2,3,6–8,11 Also statistical shortcomings were often present as

potential confounders, including adjuvant chemotherapy use, tumor

characteristics, or DNA mismatch repair (MMR) status were not

adjusted for in multivariate analyses,8,12 or only univariate analyses

were performed.2,13 Further, most studies only examined one

outcome (survival),6–8,14,15 with few assessing both recurrence and

survival,2,9 and only a handful of studies examined the status of

retrieved nodes.2,3,5,12

In the present study, we aimed to clarify the association

between increasing nodal count for cecal and ascending colon

tumors and prognostic outcomes compared with lower nodal

count. The limitations of heterogeneity of surgical resection in

prior related studies were overcome by analyzing data following

one surgical procedure, standard (D2) right hemicolectomy, using

data from a large comprehensive multicentre clinical database. The

association between categories of increasing numbers of lymph

nodes and two prognostic outcomes, RFS and OS, was examined

using multivariate analysis adjusted for confounders, including

adjuvant chemotherapy use and tumor characteristics and MMR

status. Additionally, we examined associations between increasing

nodal count and prognostic outcomes in both the presence and

absence of involved nodes. The findings of this study will help

clarify the association between the number of lymph nodes

harvested and oncological outcomes for right‐sided colon cancer

following standard right hemicolectomy surgery. The potential

oncological effect of increasing nodal count is also relevant to

current surgical interest in extended lymphadenectomy.

2 | MATERIALS AND METHODS

2.1 | Data

A retrospective analysis of data from the BioGrid ACCORD clinical

colorectal cancer database was conducted.16 Biogrid comprises

prospectively collected data from all colorectal cancer patients

admitted to seven tertiary‐referral hospitals with specialist colorectal

surgery services in Melbourne, Australia (four public, three private)

via clinical notes, supported by radiology and histopathology reports.

Biogrid was demonstrated to perform well in a validation study.17

The selected sample satisfied the following inclusion and exclusion

criteria; tumor site: ascending colon or cecum; microscopic type:

adenocarcinoma; surgery method: laparoscopic or open standard

right hemicolectomy (operative title was defined by the title used in

clinical notes); time period: between 1990 and 2018; no synchronous

or distant metastatic tumor; no preoperative chemotherapy or

radiotherapy or postoperative radiotherapy; and no previous history

of any cancer. Extended resections including extended right hemi-

colectomy, subtotal and total colectomy were excluded. Right

hemicolectomy, as performed by the contributing surgeons, routinely

involved resection of the distal 5 cm ileum and right colon to

approximately the junction of proximal and middle third of the

transverse colon. The ileocolic pedicle was routinely ligated 1–2 cm

distal to the junction of ileocolic and superior mesenteric arteries.

High ligation of the middle colic pedicle was not routinely performed.

However, resected length of colon, extent of lymphadenectomy, and

completeness of mesocolic excision were not recorded in the

database. This resulted in a sample size of 1390. Figure 1 shows

the selected sample after applying the inclusion and exclusion

criteria.

2.2 | Primary outcome

The primary outcome of interest was RFS, defined as the time from

right hemicolectomy surgery to first recurrence at any site. Those

who had not experienced recurrence at the time the data were

extracted, who died or were lost to follow‐up before recurrence,

were censored. Censoring occurred at either the date of the last

recorded visit or the date of death.

2.3 | Secondary outcomes

Secondary outcomes included OS and loco‐regional recurrence‐free

survival (LRRFS). OS was defined as time from surgery to death.

Patients were censored if they were still alive at the time of data

extraction or were lost to follow‐up. For LRRFS, the event of interest

was restricted to first recurrence, classified as loco‐regional recur-

rence. Those who experienced other forms of recurrence or did not

experience any form of recurrence while under observation were

censored on their last observed date.

524 | HAYES ET AL.



2.4 | Exposure

The exposure of interest was increasing nodal count (as a categorical

variable). Total lymph nodes examined (positive and negative combined)

were categorized as 0–12, 13–15, 16–20, and >20 nodal counts. We

used 12 resected lymph nodes as the control group in analyses as studies

indicate histological evaluation of 12 nodes identifies 90% of positive

nodes and the College of American Pathologists Consensus Statement

recommends at least 12 nodes be removed for reliable nodal status

classification.18–20 Categories >12 nodes were selected to ensure the

relative numbers in each categorical group were comparable and to

identify any potential trends in the association between increasing nodal

counts and prognostic outcomes.

Covariables (and how they were categorized) are listed inTable 1.

2.5 | Statistical methods

Descriptive statistics (frequencies and percentages) were used to

summarize patient and tumor characteristics. Pearson correlation was

used to measure the correlation between total number of lymph

nodes examined and count of positive nodes. Kaplan Meier (KM)

curves based on cumulative incidence were used to visualize survival

relationships in unadjusted analyses (recurrence and mortality).

The main analysis for RFS and OS was multivariate Cox

proportional hazards (PH) modeling adjusting for potential

confounders, consistent with several prior studies examining nodal

yields and prognostic outcomes.1,4,7,8,10,16,21 Results of analyses are

reported as hazard ratios (HRs) and 95% confidence intervals (CIs)

representing the hazard of tumor recurrence and mortality, respec-

tively. Potential confounders with p values ≤0.15 in univariate

modeling were included in multivariate models. The PH assumption

of the Cox model was checked using the Schoenfeld residuals test.22

We noted that a competing risk approach should be considered

when death can prevent observing recurrence. Mortality cumulative

incidence for the different levels of the number of lymph nodes

examined was assessed (Figure 1) and found to be similar. Therefore,

we assumed that any differences in RFS would not be due to

differential prevention of observing recurrence due to death.

2.6 | Effect modifiers

Effect modifiers are variables that are assumed to modify the

association between the exposure and the outcomes, such that

the association varies for different levels of the effect modifiers.

Nodal stage (N‐stage) was considered an effect modifier in

addressing the objective as to whether the relationship between

the number of lymph nodes examined and outcomes (RFS and OS)

depended on nodal metastases. For meaningful interpretation, N‐

stage was categorized as N0, N1, and N2 based on the AJCC 8th

edition.

F IGURE 1 Flow chart of patient selection. CRC, colorectal carcinoma.
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TABLE 1 Baseline characteristics of the full data set (patients with right‐sided colon cancers who underwent right hemicolectomy between
1990 and 2018) and cumulative 5‐year recurrence

Covariate Categories

No. of participants Recurrence Death
5‐year
recurrencen % Yes (n) Yes (%) No (n) No (%) Yes (n) Yes (%) No (n) No (%)

No. of lymph nodes
examined

0–12 259 20% 57 22 202 78 71 27 188 73 26

13–15 284 22% 45 16 239 84 56 20 228 80 18

16–20 334 26% 52 16 282 84 64 19 270 81 18

>20 423 33% 60 14 363 86 55 13 368 87 17

Missing 15 15 3 20 12 80 4 27 11 73 NA

N stage N0 814 62% 61 8 753 93 102 13 712 88 9

N1 300 23% 72 24 228 76 70 23 230 77 27

N2 191 15% 84 44 107 56 77 40 114 60 50

Missing 10 10 0 0 10 100 1 10 9 90 NA

Age <55 89 9% 20 23 69 78 15 17 74 83 26

≥55 875 91% 141 16 734 84 170 19 705 81 19%

Missing 351 351 56 16 295 84 65 19 286 82% 18

Sex F 672 51% 104 16 568 85 118 18 554 82 18

M 643 49% 113 18 530 82 132 21 511 80 21

Surgical method Laparoscopic 902 69% 109 12 793 88 108 12 794 88 13

Open 413 31% 108 26 305 74 142 34 271 66 30

Year of surgery 1990–1999 66 5% 23 35 43 65 30 46 36 55 39

2000–2004 110 8% 28 26 82 75 45 41 65 59 27

2005–2009 259 20% 48 19 211 82 74 29 185 71 20

2010–2014 434 33% 71 16 363 84 81 19 353 81 17

≥2015 446 34% 47 11 399 90 20 5 426 96 NA

Type of hospital Private 337 26% 39 12 298 88 32 10 305 91 13

Public 978 74% 178 18 800 82 218 22 760 78 21

Admission type Elective 1125 86% 152 14 973 87 187 17 938 83 15

Emergency 184 14% 64 35 120 65 63 34 121 66 44

Missing 6 6 1 17 5 83 0 0 6 100 20

Diabetes No 979 76% 161 16 818 84 174 18 805 82 19

Yes 306 24% 55 18 251 82 73 24 233 76 21

Missing 30 30 1 3 29 97 3 10 27 90 5

ASA comorbiditya <3 799 61% 147 18 652 82 137 17 662 83 21

3+ 516 39% 70 14 446 86 113 22 403 78 15

Adjuvant
chemotherapy

No 917 70% 116 13 801 87 169 18 748 82 15

Yes 398 30% 101 25 297 75 81 20 317 80 27

BMI Normal/Under weight 743 73% 128 17 615 83 138 19 605 81 19

Overweight/Obese 279 27% 42 15 237 85 40 14 239 86 16

Missing 293 293 47 16 246 84 72 25 221 75 21

Margins Involved 4 0% 2 50 2 50 2 50 2 50 NA

Not involved 1275 100% 208 16 1067 84 242 19 1033 81 19

Missing 36 36 7 19 29 81 6 17 30 83 26
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To assess whether the association between increasing nodal

count in patients with N‐stage 1–2 and recurrence and OS depended

on whether the patient received postoperative adjuvant chemo-

therapy, a subanalysis was performed where postoperative adjuvant

chemotherapy was considered an effect modifier.

2.7 | Potential confounders

To minimize bias in estimating the association between increasing

nodal count and outcomes (RFS and OS), we adjusted analyses for

potential confounders (Supporting Information: Tables 1 and 2,

covariates with p values ≤ 0.15 in univariate modeling).

3 | RESULTS

In all, 1390 patients with right‐sided stage 1–3 colon cancer who had

right hemicolectomy within the study period were eligible for study

inclusion (Figure 1). Patient baseline characteristics and tumor character-

istics are shown in Table 1. Over 90% of patients were ≥55 years. Most

surgeries were elective (86%), laparoscopic (69%), and performed in

TABLE 1 (Continued)

Covariate Categories

No. of participants Recurrence Death
5‐year
recurrencen % Yes (n) Yes (%) No (n) No (%) Yes (n) Yes (%) No (n) No (%)

Tumor characteristics

Braf Mutated 61 5% 9 15 52 85 7 12 54 89 15

Wild type 81 6% 42 52 39 48 19 24 62 77 61

Not done 1173 89% 166 14 1007 86 224 19 949 81 17

Kras Mutated 51 4% 47 92 4 8 27 53 24 47 96

Wild type 39 3% 24 62 15 39 15 39 24 62 64

Not done 1225 93% 146 12 1079 88 208 17 1017 83 14

Differentiation Poor 367 28% 82 22 285 78 108 29 259 71 27

Moderate/well 910 69% 125 14 785 86 135 15 775 85 16

Not reported 38 3% 10 26 28 74 7 18 31 82 32

DNA mismatch

repair status

MSI‐H/abnormal IHC 254 19% 15 6 239 94 28 11 226 89 7

MSI‐stable/
normal IHC

625 48% 114 18 511 82 89 14 536 86 20

Not done 436 33% 88 20 348 80 133 31 303 70 23

Inflammatory
infiltrate

Absent 499 38% 87 17 412 83 75 15 424 85 21

Present 344 26% 37 11 307 89 44 13 300 87 12

Not reported 472 36% 93 20 379 80 131 28 341 72 22

Lymphovascular
invasion

No 805 61% 80 10 725 90 110 14 695 86 11

Yes 408 31% 122 30 286 70 117 29 291 71 36

Not reported 102 8% 15 15 87 85 23 23 79 78 18

Mucinous histology No 618 47% 96 16 522 85 81 13 537 87 18

Yes 430 33% 70 16 360 84 93 22 337 78 19

Not reported 267 20% 51 19 216 81 76 29 191 72 21

T‐stage T1 114 9% 5 4 109 96 6 5 108 95 5

T2 191 15% 9 5 182 95 20 11 171 90 6

T3 769 59% 106 14 663 86 139 18 630 82 16

T4 230 18% 97 42 133 58 84 37 146 64 49

Missing 11 11 0 0 11 100 1 9 10 91 NA

Abbreviations: IHC, immunohistochemistry; MSI‐H, microsatellite instability high; NA, not available.
aAmerican Society of Anesthesiologists physical status classification system used to assess patient's preanesthesia medical comorbidities.
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public hospitals (74%). The percentage of patients who had 0–12, 13–15,

16–20, and ≥20 nodes examined was 20%, 22%, 26% and 33%,

respectively. In total, 62%, 23%, and 15% were N0, N1, and N2,

respectively. There were no involved margins. Five‐year cumulative

incidence for recurrence was highest for 0–12 nodes at 26%.

The median follow‐up time for RFS and OS ranged from 2.1 to

3.0 and 2.3 to 3.5 years, respectively (Supporting Information:

Table 3).

Estimated Spearman's correlation between number of nodes

harvested and number of positive nodes was 0.11, suggesting that

examining a greater number of nodes does not necessarily lead to

finding more positive nodes.

3.1 | Lymph nodes examined and RFS

KM plots of unadjusted analyses suggested increasing nodal count

was associated with improved RFS (Figure 2A).

In univariate analysis (Supporting Information: Table 1), surgery

method (laparoscopic vs. open), tumor differentiation (poor, well, not

reported), Kras status (mutated, wild type, not done), Braf status

(mutated, wild type, not done), inflammatory infiltrate (absent,

present, not reported), DNA MMR status (MSI high or abnormal

HC phenotype, MSI stable or normal IHC, not done), lymphovascular

invasion (yes, no, not reported), ASA comorbidity category (<3 vs. 3+),

N stage (N0, N1, N2), admission type (elective, emergency), hospital

type (public vs. private), surgery period (1990–1999, 2000–2004,

2005–2009, 2010–2014, 2015+), and T‐stage (T1, T2, T3, T4) had

p values ≤ 0.15 and were adjusted for in multivariate analysis.

Multivariate analysis examining the association between the

number of nodes examined, with N‐stage as an effect modifier and

adjusting for confounders, found no clear trend in the relationship of

RFS and nodes examined (Table 2). For N0 stage tumors, the hazard

of recurrence was reduced by 29% and 24% when >15 nodes were

examined compared to examining ≤12 nodes. For N1 stage tumors,

examining >12 nodes reduced the hazard of recurrence by at least

35%. On the other hand, for N2 stage tumors, harvesting 16–20

nodes increased the hazard of recurrence by 93% compared to ≤12.

However, all p values associated with these analyses were much

higher than 0.05, indicating no statistical evidence of an association

between increased nodal count and RFS, regardless of nodal stage.

The hazard of recurrence was 3.1 times higher in tumors that

were MSI stable or had normal IHC compared to tumors with MSI‐

high or had abnormal IHC. Increased hazard of recurrence was also

found in patients that had lymphovascular invasion, T4 tumors, or

emergency surgery. Notably, surgeries performed after 2005 were

associated with remarkedly improved recurrence outcomes com-

pared with surgeries between 1990 and 1999.

An additional univariate analysis examining number of nodes

harvested and LRRFS found no association between increasing nodes

harvested and loco‐regional recurrence (Supporting Information: Table 4).

3.2 | Lymph nodes examined and OS

KM plots of unadjusted analyses suggested superior OS with

increasing number of nodes examined (Figure 2B). In univariate

analysis (Supporting Information: Table 2), the same covariates for

(A)

(B)

F IGURE 2 Kaplan Meier curves of recurrence (A) and overall survival (B) based on lymph nodes examined using Cox PH regression.
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TABLE 2 Multivariate analysis examining number of harvested lymph nodes and recurrence‐free survival with N‐stage as an effect modifier

Covariate Category Nodal status No. of nodes harvested Adjusted hazard ratio (95% CI) p value

N0 ≤12 1

N0 13–15 1.152 (0.560, 2.369) 0.7

N0 16–20 0.709 (0.331, 1.518) 0.376

N0 >20 0.737 (0.357, 1.521) 0.409

N1 ≤12 1

N1 13–15 0.652 (0.245, 1.737) 0.783

N1 16–20 0.543 (0.222, 1.330) 0.338

N1 >20 0.645 (0.279, 1.491) 0.624

N2 ≤12 1

N2 13–15 1.041 (0.402, 2.695) 1

N2 16–20 1.927 (0.802, 4.628) 0.243

N2 >20 0.847 (0.342, 2.095) 0.996

ASA comorbiditya <3 1

≥3 1.019 (0.745, 1.393) 0.907

Surgery method Laproscopic 1

Open 0.945 (0.641, 1.392) 0.774

Admission type Elective 1

Emergency 1.488 (1.028, 2.155) 0.035**

Hospital type Private 1

Public 1.32 (0.896, 1.945) 0.16

Year of surgery 1990–1999 1

2000–2004 0.654 (0.356, 1.203) 0.172

2005–2009 0.364 (0.193, 0.685) 0.002**

2010–2014 0.259 (0.125, 0.537) <0.001**

≥2015 0.254 (0.117, 0.55) 0.001**

Adjuvant chemotherapy No 1

Yes 0.815 (0.583, 1.139) 0.231

Tumor characteristics

T‐stage T1 1

T2 1.297 (0.393, 4.275) 0.669

T3 2.501 (0.893, 7.002) 0.081

T4 5.437 (1.902, 15.542) 0.002**

Differentiation Not reported 1

Poor 0.555 (0.216, 1.424) 0.22

Moderate/well 0.491 (0.194, 1.24) 0.132

Lymphovascular invasion No 1

Not reported 0.504 (0.244, 1.039) 0.063

Yes 1.483 (1.048, 2.098) 0.026**

Inflammatory infiltrate Absent 1

Not reported 1.284 (0.914, 1.805) 0.15

(Continues)
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recurrence were associated with OS except adjuvant chemotherapy

use. Additionally, sex (female, male) and mucinous histology (no, not

reported, Yes), BMI (normal/underweight, overweight/obese), and

diabetes (no, yes) were included in the multivariate analysis.

Multivariate analysis examining the association between the

number of nodes examined, with N‐stage as an effect modifier

and adjusting for confounders, found for N0 stage tumors, 16–20 and

>20 nodes examined was associated with 57% and 52% decreased

hazard of death, respectively (Table 3; 95% CI: 0.21%–0.89% and

95% CI: 0.24–0.95, respectively), with evidence of a statistical

difference (p < 0.05). However, for N1 and N2 stage tumors, there

was no evidence of association between increasing nodal count

and OS.

Consistent with recurrence, OS was higher in surgeries per-

formed after 2005 compared with surgeries between 1990 and 1999.

Stage T4 tumors, emergency procedures, and higher ASA score were

associated with reduced OS.

3.3 | Subanalysis with postoperative
chemotherapy as an effect modifier

In the subanalysis of patients with nodal metastases (N1, N2) to

assess whether the association between increased nodal count and

oncological outcomes depended on whether the patient received

postoperative adjuvant chemotherapy, multivariate analysis with

postoperative adjuvant chemotherapy as an effect modifier found

no evidence that increasing nodal count was associated with

decreased hazard of recurrence or death (Supporting Information:

Tables 5 and 6).

4 | DISCUSSION

The present study aimed to determine whether increased nodal

count was associated with improved prognostic outcomes in a large

cohort of patients with right‐sided colon cancer. To the authors'

knowledge this is the first study to investigate the association

between nodal count controlling for N‐stage following standard right

hemicolectomy and examining both recurrence and survival out-

comes. In multivariate analysis with N‐stage as an effect modifier, we

found no evidence of association between increasing nodal count

and RFS, regardless of N‐stage. However, increasing nodal count

(16–20 and >20 nodes) was associated with 57% and 52% improved

OS, respectively, compared with 0–12 nodes but only in the absence

of involved nodes, with no evidence of a trend between increasing

nodal count categories and OS. Therefore, increasing nodal count

may only result in marginal clinical benefit in this better prognosis

group. In the presence of involved nodes, increasing nodal count was

not associated with improved OS.

Previous studies have also found an association between

increasing nodes harvested and survival for stage II or III colon

cancers. The single‐center prospective Norwegian study by Sjo et al.4

found examining ≥12 nodes versus <8 nodes was associated with

improved OS for both stage II and III colon cancer in multivariate

analysis. Similarly, Prandi et al.2 found greater nodal yields (≥7 vs. <7

nodes) in stage II cancers were associated with improved OS in

univariate analysis. A large study of T3N0 tumor data from the

National Cancer Database by Swanson et al.1 also found increasing

nodes examined (8–12 or ≥13 versus 1–7 nodes) reduced the hazard

of recurrence by 19% (95% CI: 0.77–0.84) and 32% (95% CI:

0.65–0.71), respectively, using multivariate analysis. However, these

TABLE 2 (Continued)

Covariate Category Nodal status No. of nodes harvested Adjusted hazard ratio (95% CI) p value

Present 0.809 (0.54, 1.212) 0.303

Braf Mutated 1

Not done 0.84 (0.34, 2.072) 0.705

Wild‐type 0.856 (0.353, 2.075) 0.73

Kras Mutated 1

Not done 0.065 (0.038, 0.113) <0.001**

Wild type 0.753 (0.407, 1.394) 0.367

DNA mismatch repair status MSI high or abnormal IHC 1

MSI stable or normal IHC 3.124 (1.625, 6.005) 0.001**

Not done 1.83 (0.905, 3.703) 0.093

Note: Multivariate analysis adjusted for ASA, surgery method, patient type, hospital type, year of surgery, adjuvant chemotherapy, and tumor
characteristics (T‐stage, differentiation, lymphovascular invasion, inflammatory infiltrate, Kras, Braf, immune history).

Abbreviations: IHC, immunohistochemistry; MSI, microsatellite instability.
aAmerican Society of Anesthesiologists physical status classification system used to assess patient's preanesthesia medical co‐morbidities.

**p < 0.05.

530 | HAYES ET AL.



TABLE 3 Multivariate analysis examining number of harvested lymph nodes and overall survival with N‐stage as an effect modifier.

Covariate Category Nodal status No. of nodes harvested Adjusted hazard ratio (95% CI) p value

N0 ≤12 1

N0 13–15 0.817 (0.438, 1.525) 0.526

N0 16–20 0.429 (0.207, 0.887) 0.023**

N0 >20 0.48 (0.244, 0.948) 0.034**

N1 ≤12 1

N1 13–15 0.569 (0.192, 1.691) 0.636

N1 16–20 0.536 (0.2, 1.439) 0.422

N1 >20 0.555 (0.195, 1.575) 0.545

N2 ≤12 1

N2 13–15 1.028 (0.312, 3.392) 1

N2 16–20 1.823 (0.6, 5.541) 0.593

N2 >20 1.204 (0.395, 3.675) 0.998

Sex Female 1

Male 0.994 (0.715, 1.382) 0.971

ASA comorbiditya <3 1

≥3 1.961 (1.404, 2.74) <0.001**

BMI Normal/underweight 1

Overweight/obese 0.81 (0.554, 1.186) 0.279

Diabetes No 1

Yes 1.399 (0.987, 1.983) 0.059

Surgery method Laproscopic 1

Open 0.902 (0.591, 1.375) 0.631

Admission type Elective 1

Emergency 1.887 (1.201, 2.963) 0.006**

Hospital type Private 1

Public 1.399 (0.84, 2.331) 0.198

Year of surgery 1990–1999 1

2000–2004 0.83 (0.35, 1.967) 0.673

2005–2009 0.547 (0.229, 1.307) 0.175

2010–2014 0.556 (0.215, 1.441) 0.227

≥2015 0.369 (0.126, 1.084) 0.07

Tumor characteristics

T‐stage T1 1

T2 0.706 (0.253, 1.966) 0.505

T3 1.705 (0.715, 4.067) 0.229

T4 3.37 (1.353, 8.39) 0.009**

Differentiation Not reported 1

Poor 0.917 (0.269, 3.129) 0.891

Moderate/well 0.575 (0.167, 1.972) 0.379

Lymphovascular invasion No 1

(Continues)
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studies did not control for nodal status and/or information regarding

the type of surgical procedure performed was not specified.1,2,4

Studies that stratified for nodal status found there was an association

between increasing yields of negative nodes and improved survival but

these studies were also limited due to the limited details on surgical

procedures provided.5,12 The large study of stage III colon cancer data

from the US SEER data set by Johnson et al. found ≥13 negative nodes

were associated with improved disease‐specific survival after controlling

for the number of positive nodes; however, adjuvant chemotherapy data

were not included in multivariate analyses.12 Similarly, Le Voyer et al.5

found increasing negative node yields were associated with improved

RFS and OS in stage II and III patients in multivariate analysis, after

controlling for the number of positive nodes,5 consistent with the study

by Zafar et al.3 where negative node yields (≥12 versus <12) were

associated with less recurrence in multivariate analysis (hazard ratio =

0.98; 95% CI: 0.97–0.99).3

Notably, we did not subcategorize nodal count beyond >20 so

were unable to determine whether there was a threshold nodal count

above which outcomes plateaued, a concept demonstrated by two

recent National Cancer Database studies. In these studies, Trepanier

et al.8 found survival outcomes plateaued at 24 nodes and harvesting

≥24 nodes did not improve survival, with Lee et al. reporting >22

node yields had the highest OS (HR = 0.71; 95% CI: 0.68–0.75).

When taking into account nodal status, Del Paggio et al.15 found

improved survival outcomes (and the ability to identify positive

nodes) plateaued after examining 12‐14 negative nodes, whereas

Renshaw et al.23 found the majority of positive nodes were identified

in yields ≤40 nodes, with >40 nodes yields only increasing the ability

to identify further positive nodes by <1% (1/378 cases).

While we found no association between increasing nodes and

improved prognostic outcomes in the presence of positive nodes,

these findings support emerging evidence that the process of lymph

node metastases represents a complex process where nodal

metastases may not necessarily be the precursors of distant

metastases.24 Although the metastatic process is thought to occur

early via lymphatic and vascular systems, a recent study by Naxerova

et al.25 examined the genetic origins of lymphatic and distant

colorectal carcinoma metastases and found in only 35% of cases,

nodal and distant metastases had the same subclonal origin as the

primary tumor. That is, two‐thirds of distant metastases had a

different subclonal origin to the primary tumor, indicating distant

metastases arose via a mechanism independent of nodal metasta-

ses.26 Consequently, resection of higher yields of metastatic nodes

may not result in less recurrence or improved survival outcomes.

Lymph node metastases have important implications for progno-

sis,19 and for determining whether a patient will have postoperative

TABLE 3 (Continued)

Covariate Category Nodal status No. of nodes harvested Adjusted hazard ratio (95% CI) p value

Not reported 0.837 (0.368, 1.908) 0.673

Yes 1.097 (0.751, 1.602) 0.632

Inflammatory infiltrate Absent 1

Not reported 1.737 (1.162, 2.595) 0.007**

Present 0.906 (0.572, 1.433) 0.672

Braf Mutated 1

Not done 0.793 (0.297, 2.115) 0.643

Wild‐type 0.81 (0.28, 2.347) 0.698

Kras Mutated 1

Not done 0.31 (0.156, 0.613) 0.001**

Wild type 0.884 (0.384, 2.032) 0.771

DNA mismatch repair status MSI high or abnormal IHC 1

MSI stable or normal IHC 1.169 (0.645, 2.119) 0.606

Not done 1.433 (0.77, 2.669) 0.256

Mucinous histology No 1

Not reported 0.804 (0.498, 1.299) 0.373

Yes 0.974 (0.663, 1.432) 0.894

Note: Multivariate analysis adjusted for sex, ASA, BMI, diabetes, surgery method, hospital type, patient type, year of surgery, and tumor characteristics
(T‐stage, differentiation, lymphovascular invasion, inflammatory infiltrate, Kras, Braf, immune history, mucinous).

Abbreviations: IHC, immunohistochemistry; MSI, microsatellite instability.
aAmerican Society of Anesthesiologists physical status classification system used to assess patient's preanesthesia medical comorbidities.

**p < 0.05.
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adjuvant chemotherapy.27 However, the potential for postoperative

adjuvant chemotherapy to influence prognostic outcomes in our

study findings was overcome by performing multivariate subanalyses

of tumors with positive lymph nodes and RFS and OS with adjuvant

chemotherapy use as an effect modifier.

Of note, nodal count does not always relate to the extent of

surgery performed. While we restricted our analysis to patients

undergoing standard right hemicolectomy to limit heterogeneity of

extent of surgical resection, there may have been cases where more

extensive/careful resection or more extended lymphadenectomy was

performed that were not captured in the Biogrid database. However,

examining the association between nodal yields and prognostic

outcomes in the present study is an important starting premise to

justify the current interest in more extensive lymphadenectomy, with

the results of our subgroup analysis finding no evidence of an

association between increasing nodal counts and either local‐regional

or distant recurrence.

While younger age is related to the presence of more nodes,15

we adjusted for age in multivariate analyses. Increased nodal count

may be impacted by greater diligence by the pathologist:28

confounding factors we could not adjust for. A higher nodal count

may also reflect a stronger immune response,15 which could lead to

improved outcomes. Further, a higher nodal count could be a

surrogate measure of quality in a healthcare system where the

outcome gains are system based rather than directly related to

the nodal resection. However, this was unlikely to be a factor in the

present study as all data were abstracted from tertiary‐referral

hospitals with specialist colorectal surgery services, and no differ-

ences in outcomes were found between private and public hospitals.

Strengths of the present study include a large study size and robust

multivariate survival methodology, consistent with methods employed

by previous studies examining the association between nodal yields and

prognostic outcomes.1,4,7,8,10,16,21 Further, the Biogrid database contains

prospectively collected data on several clinical variables including

surgery type and date, exact tumor location, tumor characteristics,

precise adjuvant chemotherapy regimens (type, dose, and timing), and

outcomes (recurrence and mortality), data often not available in studies

of data from large national cancer databases. This comprehensive data

also allowed several relevant confounders to be adjusted for in

multivariate analyses.

5 | CONCLUSIONS

We found no evidence that increasing nodal count (>12 nodes) was

associated with improved RFS in patients having right hemicolectomy

for cecal and ascending colon cancer. Nodal count >15 was

associated with improved OS for patients without nodal metastases,

but no evidence of improved OS was found for those with nodal

metastases. This suggests resecting greater numbers of lymph nodes

may not improve oncological outcomes in right colon cancer and

resecting more nodes may only result in marginal clinical benefit in

the group of patients already aligned with a better prognosis (i.e., no

nodal metastases). These findings are relevant in the context of

current interest in the utility of extended lymphadenectomy for colon

cancer with the results of forthcoming randomized controlled trials

comparing standard resection with extended lymphadenectomy

awaited with interest.
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