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Background: Lymph node status can predict the prognosis of patients with rectal cancer treated 

with surgery. Thus, we sought to establish a standard for the minimum number of lymph nodes 

(LNs) examined in patients with rectal cancer by evaluating the probability that pathologically 

negative LNs prove positive during surgery.

Patients and methods: We extracted information of 31,853 patients with stage I–III rectal 

carcinoma registered between 2004 and 2013 from the Surveillance, Epidemiology, and End 

Results database and divided them into two groups: the first group was SURG, including patients 

receiving surgery directly and the other group was NEO, encompassing those underwent neo-

adjuvant therapy. Using a beta-binomial model, we developed nodal staging score (NSS) based 

on pT/ypT stage and the number of LNs retrieved.

Results: In both cohorts, the false-negative rate was estimated to be 16% when 12 LNs were 

examined, but it dropped to 10% when 20 LNs were evaluated. In the SURG cohort, to rule 

out 90% possibility of false staging, 3, 7, 28, and 32 LNs would be necessarily examined in 

patients with pT1–4 disease, respectively. While in the NEO cohort, 4, 7, 12, and 16 LNs would 

be included for examination in patients with ypT1–4 disease to guarantee an NSS of 90%.

Conclusion: By determining whether a rectal cancer patient with negative LNs was appropri-

ately staged, the NSS model we developed in this study may assist in tailoring postoperative 

management.

Keywords: nodal staging score, rectal cancer, lymph node, neoadjuvant therapy, beta-binomial 

model

Background
Rectal cancer (RC) is a disease with an estimated incidence of 39,220 cases in the 

US in 2016,1 and in China, its incidence has rapidly increased by 4.2% for male and 

by 3.2% for female over the past 10 years.2 For early-stage RC, transanal excision or 

transabdominal resection with total mesolectal excision with or without adjuvant che-

motherapy is sufficient. While for locally advanced RC (T3–4 and/or node positive), 

the standard management includes neoadjuvant therapy followed by surgical resection 

with total mesolectal excision and adjuvant chemotherapy.

Pathological findings after resection, including the depth of tumor penetration 

within the rectal wall (pT or ypT stage) and lymph node (LN) metastasis and other 

parameters, determine prognosis of patients with RC. All patients with LN metasta-

sis are recommended by National Comprehensive Cancer Network Guidelines for 
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 adjuvant chemotherapy.3 A meta-analysis of randomized 

trials on postoperative adjuvant therapy for resectable RC 

has shown a 17% improvement in overall survival and a 25% 

improvement in disease-free survival.4 Thus, adequate LN 

retrieval and accurate pathological assessment are crucial for 

patients’ care. Stage migration caused by false-negative node 

might prevent patients from receiving potentially effective 

adjuvant therapy.

To reduce stage migration, many experts have proposed 

to evaluate the minimum number of LNs in colorectal can-

cer samples. Since 2001, the American Joint Committee 

on Cancer recommended examining 12 LNs in the surgical 

specimen of colorectal cancer for adequate staging.5–7 In 

addition, some studies pointed out that neoadjuvant therapy 

subsequently decreased the LN yield, but it is not clear in 

terms of the association between LN yield and survival out-

comes in these patients.8–10

Recently, a beta-binomial model of great clinical signifi-

cance has been applied to estimate the probability of correct 

staging in various cancer patients with negative LNs.11–17 Shariat 

et al used the beta-binomial model and developed clinical (pre-

operative) nodal staging score (NSS) to estimate the sensitivity 

of pathologic nodal staging in bladder cancer and found that the 

probability of missing a positive LN decreased with an increas-

ing number of nodes examined.13 Recently, the same method 

was applied on prostate cancer and the result suggested that if 

one to six nodes in cT1 and six to eight nodes in cT2 tumors 

were examined, the probability that a patient has LN metasta-

sis would be up to 90%.15 More recently, this model was even 

used in thyroid cancer to find out how many LNs are enough 

for assessing the adequacy of LN yield.17 Since the probability 

can work as a function of the number of LNs examined and the 

T stage, we developed models using similar approaches with 

large samples to calculate the probability. It is to be noted that a 

model for RC patients who underwent neoadjuvant therapy was 

especially built to investigate the minimum LN yield to confirm 

the true prevalence of node-negative disease. This model may 

help to identify patients who benefit little from postoperative 

adjuvant chemotherapy, thus tailoring treatment modalities to 

patients with locally advanced RC.

Patients and methods
Patients
The Surveillance, Epidemiology, and End Results (SEER) 

program is an authoritative platform of the National Cancer 

Institute and provides information of cancer incidence and 

survival from cancer registries which represent about 28% 

of the population in the US. We identified 327,755 patients 

with stage I–III primary rectal carcinoma diagnosed and 

excised between 2004 and 2013 (Figure 1). The exclusion 

criteria were 1) patients with no LNs examined or reported, 

2) patients with unknown number of positive LNs, and 3) 

patients who received intraoperative radiation or unknown 

radiation sequence. Therefore, 31,853 patients were finally 

included in the study cohort and were divided into SURG and 

NEO groups with 17,425 and 14,428 patients, respectively.

statistical analysis
The methods we adopted are similar to those in previous 

works.11–17 Briefly, this study focused on the probability that 

patients with pathologically negative LNs are inappropriately 

staged. Though the true nodal status is unascertainable, infor-

mation from node-positive patients can evaluate whether the 

number of examined LNs and negative ones is efficient to 

certify the true node status. Consider patients with a large 

number of examined LNs and a small number of positive LNs 

(k). If inadequate number of LNs were examined, patients 

could have been incorrectly diagnosed node negative. For 

those with a small number of LNs examined and a large k, 

there is a little chance of missing positive LNs. Hence, the 

information of nodal positive patients can be used to evaluate 

the potential positive nodal in negative patients.

The probability of positive LNs in patients with pathologi-

cally negative ones can be obtained by computing the prob-

ability of missing positive LNs (sensitivity), the prevalence 

of positive LNs, or the NSS from sensitivity and prevalence.

Probability of missing a positive node
Probability of missing a positive LN (1−sensitivity), namely, 

the false-negative rate, is unavoidable in pathological 

 examination. It hinges on the number of LNs examined rather 

than patients’ characteristics. Considering the heterogene-

Figure 1 Flowchart of patients’ screening.
Abbreviations: ln, lymph node; seeR, surveillance, epidemiology, and end Results.

All colorectal cancer patients in SEER, 2004–2013 
(N=373,829)

Without neoadjuvant therapy (SURG)
(n=17,425)

With neoadjuvant therapy (NEO)
(n=14,420)

Radiation sequence is unknown
(n=20)

Study population
(n=31,853)

Intraoperative radiation
(n=15)

Number of LNs
examined was 0 or unknown

(n=14,139)

Unknown number of positive LNs
(n=47)

Did not meet inclusion criteria
(n=327,755):
Rectal adenocarcinoma
Stage I–III
Received surgical resection
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ity of LN metastasis in different patients, a beta-binomial 

model was thus adopted. There are three assumptions: 1) no 

positive LN was incorrectly diagnosed by pathologists; 2) 

all the LNs have the same probability of involvement; and 

3) no variation of sensitivity between node-positive patients 

and those with negative LNs.

estimation of prevalence of nodal disease
The prevalence observed is always underestimated, thus it 

necessitates adjustment for false negative. False negative 

represents an error in which the pathological examination 

improperly indicates no presence of positive lymph node, 

when in reality it is present.. The adjustment requires invok-

ing Assumption 1 and estimating #FN
k 
as a function of k:

 

#
*#

FNk =
− ( ) 

( )
1 P FN TP

P FN
k k

k

 (1)

In the above equation, k represents the number of positive 

LNs and #TP
k
 refers to the number of true-positive LNs. 

To obtain prevalence, further calculation is needed with the 

following formula:

 

Pr ev =
FN TP

FN TPTN
k kK

k k kK

( )
( )

∑
∑  (2)

pT/ypT stage stratifies the prevalence estimates; but to avoid 

cumbersome expression, it is not manifested in the above 

formula.

nodal staging score
NSS, the probability of pathologically negative LNs proving 

to be true, can be used to assess whether staging is adequate.

 

NSS =
Prev

Prev Prev

1

1

− ( )
− ( ) ( ) ( ) 

T
T T P FNk*

 (3)

Confidence intervals
Creating 2,000 boot-strap samples and having the estimation 

process replicated can assess the precision of the reported 

estimates.18 The 2.5th and 97.5th quartiles were chosen as 

the lower and upper limits of the 95% CIs, respectively, for 

the corresponding estimates.

Validation
The predictive probabilities did not involve the follow-up 

information of these patients. We divided the NSS into four 

quartile subgroups and constructed survival curves stratified 

by the pT/ypT stage.

ethics approval
This study was based on SEER dataset which is publicly 

accessible, and we have been permitted for the research 

purpose. It did not include interaction with humans or use 

personal identifying information. The informed consent was 

not required for this research.

Results
Basic characteristics of patients
Descriptive characteristics of patients are summarized in 

Table 1. Of 31,853 eligible patients for modeling, 18,870 

(59.2%) were node positive; thus, they were analyzed for 

the estimates of #FN
k
. The other 9,983 patients with pN0 or 

ypN0 disease were analyzed for the estimates of #TP
k
. Age, 

tumor size, T stage, LN yield, and differentiation grade were 

associated with node positivity vs node negativity.

nodal staging score for RC patients 
without neoadjuvant therapy
The average number of LNs examined was 14 and 64.9% 

patients in SURG turned out node negative. α and β, the 

parameters of the beta-binomial model, were 1.17 (95% CI, 

1.12–1.22) and 3.25 (95% CI, 3.04–3.49), respectively. Pre-

sented in Figure 2 is the probability of missing positive LNs, and 

it is found to decrease as the number of LNs evaluated increases 

(Figure 2). The probabilities of false-negative LN resection were 

75.3%, 34.9%, 23.8%, 19.4%, 16.2%, 9.4%, and <5% for 1, 5, 

8, 10, 12, 20, and >35 LNs examined, respectively.

The prevalence of nodal disease was 33.9% and the 

corrected prevalence was 41.5% (Table 2). False-negative 

LN underestimated prevalence, which existed across all pT 

stages and increased with the extension of pT stage. Also, 

63.2% patients with pT4 stage RC are estimated to have nodal 

metastasis with a prevalence of 52.0%. The results of NSS 

are presented in Figure 3A. If 12 LNs were harvested, the 

true node-negative rate was 96.6% for pT1 patients, 93.6% 

for pT2, 80.2% for pT3, and only 77.6% for pT4 patients. 

With three and seven LNs, respectively, examined, those 

with pT1 and pT2 diseases are 90% likely to receive a cor-

rect pathological diagnosis. To achieve the same accuracy, 

patients with pT3 and pT4 diseases need to have 28 and >32 

LNs evaluated, respectively.

The estimates of survival probability are presented in 

Figure 4. There is no statistical significance between the 

four cancer-specific survival (CSS) curves in pT2 disease 
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(P=0.28). However, the four curves are statistically different 

among pT1, pT3, and pT4 diseases (P<0.01).

nodal staging score for RC patients with 
neoadjuvant therapy
In the NEO group, the average number of LNs examined 

was 12 and 52.4% patients were node-negative. α and β, the 

parameters of the beta-binomial model, were 1.38 (95% CI, 

1.30–1.47) and 4.20 (95% CI, 3.84–4.59), respectively. As 

shown in Figure 2, the probability of missing positive LNs 

also dropped with increase in the number of LNs examined. 

Table 1 Baseline patient clinicopathologic characteristics

Factors SURG cohort P-value NEO cohort P-value

All patients Node 
negative

Node 
positive

All patients Node 
negative

Node 
positive

Median lymph nodes yield 
(IQR)

14 (9–20) 13 (8–19) 15 (11–21) 12 (8–17) 12 (7–16) 13 (9–18)

Age (years) 17,425 <0.001 14,426 <0.001
<60 5,830 (33.5) 3,727 (32.2) 2,103 (35.8) 7,016 (48.6) 3,371 (44.6) 3,645 (53.1)

≥60 11,595 (66.5) 7,669 (67.8) 3,926 (64.2) 7,412 (51.4) 4,189 (55.4) 3,223 (46.9)
Gender 0.109 0.69
Male 9,925 (57.0) 6,492 (57.4) 3,433 (56.1) 9,056 (62.8) 4,798 (63.5) 4,258 (62.0)
Female 7,500 (43.0) 4,818 (42.6) 2,682 (43.9) 5,372 (37.2) 2,762 (36.5) 2,610 (38.0)
Race <0.001 0.328
White 14,393 (82.6) 9,418 (83.2) 4,975 (81.4) 11,762 (81.5) 6,186 (81.8) 5,576 (81.2)
Black 1,360 (7.8) 846 (7.5) 514 (8.4) 1,174 (8.1) 624 (8.3) 550 (8.0)
Othersa 1,616 (9.3) 1,003 (8.9) 613 (10.0) 1,455 (10.1) 733 (9.7) 722 (10.5)
Unknown 56 (0.3) 43 (0.3) 13 (0.2) 37 (0.3 ) 17 (0.2) 20 (0.3)
Tumor size (cm) <0.001 <0.001
<4 8,188 (47.0) 5,712 (50.5) 2,476 (40.5) 5,197 (36.0) 2,888 (38.2) 2,309 (33.6)

≥4 7,257 (41.6) 4,054 (35.8) 3,203 (52.4) 6,130 (42.5) 2,891 (38.2) 3,239 (47.2)
Unknown 1,980 (11.4) 1,544 (13.7) 436 (7.1) 3,101 (21.5) 1,781 (23.6) 1,320 (19.2)
T stage <0.001 <0.001
T1 3,912 (22.5) 3,372 (29.8) 540 (8.8) 1,015 (7.0) 804 (10.6) 211 (3.1)
T2 4,826 (27.6) 3,683 (32.6) 1,143 (18.7) 2,244 (15.6) 1,479 (19.6) 765 (11.1)
T3 7,854 (45.1) 3,869 (34.2) 3,985 (65.2) 10,060 (69.7) 4,786 (63.3) 5,274 (76.8)
T4 833 (4.8) 386 (3.4) 447 (7.3) 1,109 (7.7) 491 (6.5) 618 (9.0)
Lymph nodes yield <0.001 <0.001
≤12 7,244 (41.6) 5,138 (45.4) 2,106 (34.4) 7,306 (50.6) 4,271 (56.5) 3,035 (44.2)

>12 10,181 (58.4) 6,172 (54.5) 4,009 (65.6) 7,122 (49.4) 3,289 (43.5) 3,833 (55.8)
Differentiation <0.001 <0.001
Well 1,376 (7.9) 1,093 (9.7) 283 (4.6) 890 (6.2) 520 (6.9) 370 (5.4)
Moderate 12,975 (74.5) 8,543 (75.5) 4,432 (72.5) 10,246 (71.0) 5,441 (72.0) 4,805 (70.0)
Poor 2,196 (12.6) 1,044 (9.2) 1,152 (18.8) 1,605 (11.1) 673 (8.9) 932 (13.6)
Undifferentiated 185 (1.1) 81 (0.7) 104 (1.7) 125 (0.9) 48 (0.6) 77 (1.1)
Unknown 693 (3.9) 549 (4.9) 144 (2.4) 1,562 (10.8) 878 (11.6) 684 (9.9)
Insurance 0.303 <0.001
insured 16,957 (97.3) 11,006 (97.3) 5,951 (97.3) 13,844 (95.9) 7,261 (96.0) 6,583 (95.9)
not insured 268 (1.5) 172 (1.5) 96 (1.6) 457 (3.2) 225 (3.0) 232 (3.3)
Unknown 200 (1.2) 132 (1.2) 68 (1.1) 127 (0.9) 74 (1.0) 53 (0.8)

Notes: aIncluding American Indian/AK Native, Asian/Pacific Islander. Chi-squared test for categorical variables and independent t-test for continuous variables. Numbers in 
parentheses represent the component ratio of specific variable in the whole patients.
Abbreviation: iQR, interquartile range; aK alaska.

The probabilities of excising false-negative LNs were 73.5%, 

34.3%, 23.9%, 19.8%, 16.8%, 10.3%, and <5% for 1, 5, 8, 

10, 12, 20, and >40 LNs examined, respectively.

The apparent prevalence of nodal disease was 29.4%, while 

the corrected prevalence was 36.9%, which were significantly 

lower than that in the SURG cohort (Table 2). Nodal staging 

scores of patients receiving neoadjuvant therapy are presented 

in Figure 3B. If 12 LNs were retrieved, the proportion for true 

node-negative disease was 96.3% for ypT1 patients, 93.7% for 

ypT2, 90.5% for ypT3, and 87.4% for ypT4 patients. When 

patients with ypT1 and ypT2 diseases have four and seven 
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LNs examined, respectively, they will have a 90% possibility 

for correct diagnosis by pathologists. Nevertheless, patients 

with ypT3 and ypT4 diseases need to have 12 and over 16 LNs 

evaluated, respectively, to achieve the same accuracy.

Figure 5 indicates that there is no significant difference 

in CSS between the quartiles of NSS with ypT1, ypT3, and 

ypT4 tumors (P>0.05 for each of them), while the survival 

curves are separate only for ypT2 tumors (P=0.03).
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Figure 2 Probability of missing nodal disease as a function of number of lymph nodes examined in a patient with truly lymph-positive disease for both SURG and NEO 
cohorts.

Table 2 apparent and corrected prevalence of nodal disease

Prevalence (%) SURG cohort

All patients pT1 pT2 pT3 pT4
apparent prevalence 33.9 13.6 23.2 48.9 52.0
Corrected prevalence 41.5 17.2 28.7 59.4 63.2

Prevalence (%) NEO cohort

All patients ypT1 ypT2 ypT3 ypT4
apparent prevalence 29.4 14.8 22.9 31.6 36.9
Corrected prevalence 36.9 19.1 29.3 39.4 47.0
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Figure 3 Probability of truly node-negative disease as a function of number of nodes examined on the basis of pathological tumor stage for patients in SURG cohort (A) 
and neO cohort (B).
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Discussion
Nodal staging can predict the recurrence and survival of 

RC after radical resection. However, limited number of LNs 

examined will increase the possibility of understaging, which 

makes the postoperative management and surveillance dif-

ficult. Therefore, a series of studies have been performed, 

confirming that the number of LNs examined could dramati-

cally impact patients’ prognosis. Recommendations for the 

minimum number of LNs examined vary from 10 to 23, yet 

no consensus has been reached.

In the present study, we found that NSS can accurately 

predict the real pN/ypN stage based on pT/ypT stage and 

the LNs examined. The probability of missing positive LNs 

decreases with increase in the number of LNs examined. Of 

note, to achieve a 90% NSS in the SURG cohort, patients with 

pT3 and pT4 diseases need to have 28 and 32 LNs examined, 

respectively. Our previous research based on SEER database 

indicated that RC patients at stages IIB and IIC present a 

poorer prognosis compared with patients at stage IIIA.19 We 

further investigated the prognosis of RC patients stratified by 

neoadjuvant therapy in our SEER database, which showed that 

pT4N0/ypT4N0 patients presented much worse CSS compared 

with stage IIIA and pT3N0/ypT3N0 patients (Figure S1). Up 

to 93.1% of RC patients at pT4 did not have enough nodes 

examined to guarantee true node-negative disease. Therefore, 

we speculate nearly all pT4 patients who had not undergone 

neoadjuvant therapy have been understaged and deserve highly 

intense adjuvant chemotherapy and close follow-up.

It is to be pointed out that preoperative radiation reduces 

the number of evaluable nodes.20,21 The requirement for the 

retrieval of nodes for patients who have received neoadjuvant 

therapy should be distinct from that for patients who under-

went surgery directly. Furthermore, strategies of adjuvant 

therapy should also be tailored for patients after neoadju-

vant therapy. In order to provide guidance for clinic, we 

 specifically did separate analysis in patients of NEO cohort 

Figure 5 Survival probabilities as a function of the quartiles of the predictive values stratified by ypT stage for patients in NEO cohort.
Note: The quartiles were 0.924, 0.952, and 0.968 for ypT1; 0.933, 0.960, and 0.971 for ypT2; 0.941, 0.963, and 0.973 for ypT3; and 0.941, 0.960, and 0.974 for ypT4.
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and found that two lesser nodes (13.3 vs 15.5, P<0.001) 

were examined compared with patients in the SURG cohort, 

while up to 35.3% of patients in the NEO group had <12 LNs 

examined. To achieve an NSS of 90%, only 12 nodes need to 

be examined for ypT3 and 16 nodes need to be examined for 

ypT4. A previous study using SEER database indicated that 

overall survival improved with increasing number of nodes 

examined for RC after neoadjuvant therapy.22 Therefore, 

a more reasonable cutoff value to guarantee true ypN0 is 

needed to avoid understaging. On the other hand, adjuvant 

chemotherapy is currently recommended by the National 

Comprehensive Cancer Network guidelines for all RC 

patients who have received neoadjuvant therapy, regardless 

of the surgical pathology results. However, several studies 

have questioned the need of adjuvant chemotherapy for ypN0 

patients, especially for those with ypT0–2.23,24 Our model 

may help to identify the real subset of ypT1–2N0 patients 

who can avoid excessive treatment of adjuvant chemotherapy.

Strengths and limitations
NSS has several advantages. It reflects the probability of 

true node-negative disease. Its results are easy to grasp, due 

to which patients can make treatment decisions more easily. 

Unlike other models where accuracy improves dramatically 

after exceeding a certain threshold, our model reveals with the 

addition of LNs examined, the accuracy steadily improves. T 

stage can reflect how deep the original disease penetrates into 

the rectal wall, which is also linked with LNs involvement. 

Combining T stage with the number of LNs examined, our 

tool can predict the true nodal stage individually. What is 

more, it helps to individualize follow-up plans and treatment 

decisions. Actually, apart from tumor T stage, many inherent 

features of LNs, such as size and morphology, were also the 

possible factors reflecting LN metastasis.25–27 Previous results 

suggested that larger node size and spherical node were asso-

ciated with higher positive rate. Therefore, future models can 

be improved by incorporating more valuable factors.

However, our study does have some limitations. First, it is 

retrospectively designed. Second, our model is mainly based 

on three assumptions. One of the assumptions is that there 

are no false positives: once an involved node is harvested, 

it will invariably be classified as positive second. Another 

assumption of the model is the use of the beta-binomial model, 

which is considered standard in the analysis of hierarchical 

binary data. The most controversial assumption is that nodes 

within a patient have the same probability of being involved, 

which implies that the number of examined nodes, regardless 

of location or other specific information, is the only factor 

that determines whether a truly node-positive patient will be 

misclassified as a node-negative patient. Although it seems 

impossible to hold, several studies support this argument 

by suggesting a lack of orderly progression in mesenteric 

LN metastasis. A recent study found no discrepancy in the 

incidence of LN metastasis among the anterior, bilateral, and 

posterior regions of the mesorectum.28 Besides, another study 

reported 47% sentinel LNs turned out negative in patients with 

positive LNs.29 Finally, the applicability of NSS in all manners 

of clinical situations should be externally validated. There 

is no established standard for true LN status; therefore, this 

model needs further validation so that it can be used to identify 

patients with high risk of missing negative LNs in diagnosis.

Conclusion
Based on the T stage and the number of LNs examined, NSS 

can evaluate the probability that negative LNs pathologically 

diagnosed are truly negative. Our recommendation is that the 

standard number of LNs examined be based on the expected 

accuracy for different pT/ypT stages. By determining whether 

a node-negative RC patient is adequately staged, NSS may 

help to identify those who need intensive adjuvant chemother-

apy, to make follow-up plans for those without neoadjuvant 

therapy, and to screen among those receiving neoadjuvant 

therapy who benefit little from postoperative chemotherapy.
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Supplementary material

Figure S1 Cancer-specific survival analysis of pT4N0/ypT4N0 patients compared with patients at stage IIIA and pT3N0/ypT3N0 in both SURG (A) and neO (B) cohorts.
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