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Misclassification of nodal stage in gastric 
cancer: 16 lymph nodes is not enough
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Abstract 

Background: In gastric cancer, nodal stage plays an important role. Insufficient lymph node harvesting or incom-
plete examination may lead to misclassification and affect postoperative strategy and group survival. This study’s 
objective was to determine the minimum number of examined lymph nodes needed in gastric cancer and compare 
this to the minimum lymph node count according to the current Union for International Cancer Control (UICC) clas-
sification using real world data.

Methods: Based on anatomical data, expected mean lymph node counts and their 95% confidence intervals for 
complete D2 lymphadenectomy were calculated. Using stochastic analysis, a threshold for correct classification in 
95% of cases was determined. Survival data of nodal negative gastric cancer patients was extracted from the Surveil-
lance, Epidemiology, and End Results (SEER)-Database for 2010–2017. Patients reaching at least the calculated theo-
retical threshold were compared to the minimum threshold according to the current UICC classification.

Results: The expected lymph node count was 30 (95% CI: 28–32; range 17–52), corresponding to a 27 lymph nodes. 
In nodal negative patients with exactly 16 and at least 27 examined lymph nodes, relative 5 year survival was 79 and 
89% in T1/T2 and 39 and 64% T3/T4 gastric cancer, respectively. Theoretically, when only 16 lymph nodes are ana-
lyzed, nodal negative staging may be incorrect in up to 47% of cases.

Conclusions: A minimum threshold of 16 examined lymph nodes cannot be justified. Retrospective analysis con-
firmed systematic misclassification of patients with insufficient lymphadenectomy in nodal negative gastric cancer 
patients. Correct lymphadenectomy and thorough examination of the surgical specimen is mandatory.
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Introduction
In gastric cancer, cancer-specific mortality is decreased 
in nodal negative patients (Deng and Liang 2014; Huang 
et al. 2013; Siewert et al. 1998). Consequently, both pre-
operative and postoperative lymph node stage deter-
mines whether a perioperative or adjuvant chemotherapy 
will be applied (Moehler et al. 2019; Smyth et al. 2016). 
While preoperative lymph node staging is based on 

imaging, the postoperative classification depends on sur-
gical technique and adequate pathological examination 
of the surgical specimen. The current Union for Interna-
tional Cancer Control (UICC) classification recommends 
a minimum of 16 or more lymph nodes for accurate path-
ological staging in gastric cancer (Amin et al. 2017).

The true number of lymph nodes that exist in an 
individual patient is unknown and variable. Ana-
tomical studies provide guidance for what is to be 
expected. Almost 30 years ago, Wagner et al. published 
a cadaver-based study and found a mean number of 27 
lymph nodes for D2 lymphadenectomy (Wagner et al. 
1991). Recently, Sharma et al. have performed a com-
parable study and found 35 lymph nodes (Sharma et al. 
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2005). Herballa et  al. identified a mean of 34 lymph 
nodes in D2-lymphadenectomy in gastric cancer-free 
individuals (Herbella et  al. 2019). Since these studies 
have been performed in patients without gastric can-
cer, small lymph nodes may not have been counted. 
The true number of lymph nodes present in the 
D2-stations may be higher; due to reactive hyperplasia 
more lymph nodes may be identifiable in gastric can-
cer patients (Noguchi et al. 1989). The fact that the real 
lymph node count may be a lot higher than the mini-
mum number of lymph nodes demanded for Tumor, 
Nodes and Metastases (TNM)-staging is reflected in 
the current German guideline (Moehler et  al. 2019; 
Siewert et al. 1998; Wagner et al. 1991). Consequently, 
the guideline mentions the removal and pathological 
examination of 25 lymph nodes as a benchmark for an 
adequate D2-lymphadenectomy (Moehler et al. 2019).

In theory, performing a lymphadenectomy in nodal 
negative gastric cancer patients is of no oncological 
use. Nonetheless, a decreased survival has been shown 
in groups of nodal negative patients with a low num-
ber of examined lymph nodes (Martinez-Ramos et  al. 
2014; MingHua et  al. 2020; Zhao et  al. 2016). While 
this may also be due to biological differences between 
tumors, the most likely cause for most patients in 
these groups is misclassification. The consequences 
are dramatic: patients who clearly would benefit from 
adjuvant chemotherapy might be denied an important 
and life-prolonging therapy.

To wipe out this uncertainty, all lymph nodes would 
need to be harvested and examined. This clearly 
neglects that not all lymph nodes are equally prone to 
harbor tumor cells. Sentinel lymph nodes and sentinel 
lymph node stations may indeed justify a limited lym-
phadenectomy (Hiramatsu et  al. 2019; Ohdaira et  al. 
2009). Based on Japanese registry data, differences in 
the likelihood of metastases in different lymph node 
stations have been demonstrated decades ago (Kamp-
schöer et al. 1989). Limited gastric resections and lim-
ited lymphadenectomies may be justified in selected 
patients (Hiramatsu et  al. 2019; Ohdaira et  al. 2009). 
In patients with early gastric cancer, the probability 
of positive lymph nodes is very low and endoscopic 
resections have shown a cancer-specific mortality 
comparable to surgical resection (Pourmousavi et  al. 
2020).

This study’s objective was to determine the theo-
retical threshold needed for pathological examination 
after D2-lymphadenectomy in gastric cancer based on 
anatomical findings and to compare these findings to 
real patient data extracted from the Surveillance, Epi-
demiology, and End Results (SEER) database.

Methods
Identification of anatomical studies
To determine the total amount of lymph nodes present, 
relevant anatomical studies were identified using a sys-
tematic medline search using the search terms (“lymph 
node counts” OR “lymph node” OR lymphnode OR lym-
phadenectomy) AND cadaver AND (gastric OR stom-
ach). Only anatomical studies describing lymph node 
yields from D2-lymphadenectomy according to the Japa-
nese Gastric Cancer Association (JGCA) were included. 
After data extraction, mean lymph node counts and their 
respective 95% confidence intervals were calculated for 
D2 lymphadenectomy in gastric cancer.

Calculation of theoretical thresholds
A hypergeometric distribution was assumed and thresh-
olds for lymph node counts were calculated to identify 
single positive lymphnodes with a 5% probability of mis-
classification of nodal negative patients. Moreover, the 
probability of misclassification was calculated for patients 
with only 16 examined lymph nodes.

Correlation to real patient data
Data from patients diagnosed with and operated for gas-
tric cancer from 2007 to 2014 was extracted from the 
SEER database. Relative 5-year survival was calculated 
for nodal negative patients for stages T1/2 and T3/4 for 
patients with lymph node counts above the calculated 
threshold and patients matching the UICC/TNM-crite-
rium of 16 lymph nodes.

Results
Using the search phrase described above, 15 publications 
were identified. After screening of titles and abstracts, 
three studies reporting numbers of lymph nodes accord-
ing to the JGCA classification referring to gastric can-
cer were identified (Herbella et  al. 2019; Sharma et  al. 
2005; Wagner et al. 1991). In total, data from 66 cadav-
ers was included in the present analysis. The calculated 
mean number of lymph nodes expected for a complete 
D2 lymphadenectomy was 30 (95% CI: 28–32; range: 
17–52), corresponding to a threshold of at least 29 
(95% CI: 27–31) lymph nodes for pathological examina-
tion (Fig. 1). Based on the lower range of the confidence 
interval, a number of 27 lymph nodes was set as thresh-
old for correct nodal negative classification in 95% of 
patients. When 16 of a total number of 30 lymph nodes 
are examined, the probability of misclassification is up 
to 47% (Fig. 2). When lymphadenectomy is seen as part 
of the surgical therapy, the number of lymph nodes to 
be resected depends on the probability of metastasation 
(Fig. 3).
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The analysis of SEER-data of nodal negative patients 
confirmed the suspected survival difference. While 
5 year relative survival in patients with 27 or more 
examined lymph nodes was 89 and 64% (T1–2 and 
T3–4), relative survival was 79 and 39% in patients with 

16 examined lymph nodes (Table  1, Fig.  4; p  < 0.001). 
The proportions of patients with or without neoad-
juvant or adjuvant chemotherapy were not differ-
ent between nodal-negative groups with low and high 
numbers of lymph nodes.

Fig. 1 Lymph node counts for D2 lymphadenectomy. Mean numbers of lymph nodes (individual studies and pooled) and their 95% confidence 
intervals. Size of dots represents number of cadavers examined

Fig. 2 Probability of misclassification. Under the assumption of equal 
distribution of positive lymph nodes in the sample, the probability 
for nodal negative classification is shown for any given number of 
positive lymph nodes and any given sample size. Green color: 0% 
probability; red color: 100% misclassification

Fig. 3 Extent of Lymphadenectomy needed in a therapeutic context. 
Extent of D2-lymphadenectomy for complete resection of positive 
lymph nodes in dependence from number of positive lymph nodes. 
Green color: 95% probability or more; red color: 0% probability
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Discussion
Lymph node stage is an important prognostic fac-
tor in gastric cancer (Zhou et  al. 2015). A single posi-
tive lymph node can make a huge difference in survival 
probability and affects the choice for perioperative and 
adjuvant chemotherapy. The extent of lymphadenec-
tomy in gastric cancer has been subject to an ongoing 
discussion. In today’s gastric cancer surgery, D2 lym-
phadenectomy is considered state of the art (Degiuli 
et  al. 2016). Long term follow-up of the Dutch D1D2 
trial demonstrated a decreased locoregional recur-
rence for patients and decreased gastric cancer related 
death after D2 lymphadenectomy in comparison to D1 
lymphadenectomy (Songun et al. 2010). In nodal nega-
tive patients, the extent of lymphadenectomy should 
not matter since there is no harm to be expected from 
a negative lymph node, but retrospective analyses and 
meta analyses have shown an increased survival in 
nodal negative patients with increased numbers of 
lymph node counts in the surgical specimen (MingHua 
et  al. 2020; Zhang et  al. 2020; Zhou et  al. 2015). This 
is a clear hint to misclassification of patients. In their 
retrospective analysis, Martinez-Ramos et  al. demon-
strated equal survival for nodal negative patients with 
9 or less examined lymph nodes and nodal positive 
patients (Martinez-Ramos et  al. 2014). Our analysis 
represents a different approach: since the real num-
ber of existing lymph nodes in the D2-stations is not 

totally clear, we have analyzed data from anatomi-
cal studies and used these findings to stratify patients 
from the SEER-database. We found increased median 
and longterm survival in nodal negative patients with 
higher lymph node counts (Table  1, Fig.  4). Our find-
ings are in line with other studies that demonstrated 
decreased survival in nodal negative patients with low 
numbers of examined lymph nodes (Erstad et al. 2021; 
Zhang et al. 2020; Zhao et al. 2021). While the findings 
are not entirely novel, our approach was quite different. 
We calculated expected lymph nodes from anatomi-
cal data and tested our findings against real-world data 
from the SEER-database, while e.g. Erstad et al. started 
from clinical data and employed a ROC analysis (Erstad 
et al. 2021). Zhao et al. also used clinical data to exam-
ine patients at stage T3 and T4 (Zhao et al. 2021). They 
were also able to show improved disease free survival 
for patients with 30 or more lymph nodes examined. 
There is one important pitfall in our study’s logic: We 
have assumed an equal probability of any lymph node 
to be positive. In the end, any study comparing lymph 
node counts in nodal negative patients is based on this 
simplification, which indeed may not be true. Decades 
ago, Maruyama et  al. have already shown different 
probabilities of metastases for different lymphatic sites 
depending on preoperative findings in gastric cancer 
(Kampschöer et al. 1989). Sentinel lymph node biopsies 
and limited lymphadenectomies represent a Bayesian 
approach to oncologic surgery and might be an alter-
native to complete D2-lymphadenectomy (Symeonidis 
and Tepetes 2018). In breast cancer and in malignant 
melanoma, decision making based on sentinel lymph 
node biopsies is considered common sense (Esposito 
et al. 2017; Gonzalez 2018). While extensive lymphad-
ectomy can be harmful, limited lymphadenectomy can 
be justified if certainty of a patient being nodal nega-
tive can be reached. Quite obviously, an extensive lym-
phadenectomy in completely nodal negative patients is 
not necessary. Limited lymphadenectomy could even 

Table 1 Relative survival in nodal negative patients with 
different lymph node counts

T-Stage lymph 
node count

patients [n] Median 
survival 
[months]

5-year 
survival 
[%]

T1/2 16 368 not reached 79

≥ 27 758 not reached 89

T3/4 16 49 36 39

≥ 27 105 not reached 64

Fig. 4 Relative cumulative survival in nodal negative patients with different lymph node count. Survival function and confidence intervals for T1/2 
and T3/4 nodal negative patients with exactly 16 or 27 or more harvested and evaluated lymphnodes
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be justified in selected nodal positive patients, given 
that there is certainty that further lymphadenectomy 
has no benefit or no positive lymph node is left behind. 
When not all lymph nodes and lymph node stations 
are equally likely to harbor metastases, drawing lymph 
nodes like marbles from an urn with an unknown num-
ber of blue and yellow marbles representing positive 
and negative lymph nodes is a simplification of tumor 
biology. Surgery does not blindly draw marbles but har-
vests lymph nodes from selected stations. It seems rea-
sonable to adjust the extent of lymphadenectomy to the 
T stage. Our data shows a median survival of 36 months 
in the T3/4 group, when only 16 lymph nodes were 
examined (Table  1). In all other groups, median sur-
vival was not reached. Since influence on the median 
survival is independent from the patients’ T stage, this 
can be seen as a clear indication that there is a higher 
probability of positive lymph nodes at a higher T stage. 
Similar findings have been published more than a dec-
ade ago in relation to colon cancer by Gönen et al. who 
demonstrated that the probability of missing a positive 
node increased with T-stage and a higher lymph node 
count was needed to adequately stage a patient to be 
nodal negative in higher T-stages (Gönen et  al. 2009). 
Thus, a Bayesian approach to lymphadenectomy should 
be preferred. Extensive or complete regional lymphad-
enectomy is needed when the probability of skipped 
lymph nodes is high and therefore sentinel lymph node 
sites have no consequence. If sentinel sites are not 
respected for decision making or are not meaningful, 
a high certainty for a patient being nodal negative can 
only be achieved when a sufficient number of lymph 
nodes is being harvested.

Tumor and host biology may also have an impact on 
the number of lymph nodes harvested and examined. 
Patients who show a stronger immune response to their 
tumor disease might have larger lymph node yields. 
Especially in these patients, tumor biology is more 
favorable in terms of better survival. To what extent 
this applies to the patients included in the SEER data-
base and thus has led to a possible bias of the data is 
unclear. As far as a therapeutic effect of lymphadenec-
tomy is concerned, the number of lymph nodes that 
need to be resected depends on the number of positive 
lymph nodes. We have calculated theoretical thresh-
olds for the minimum numbers of lymph nodes in 
specimens from nodal positive patients (Fig.  3). Quite 
clearly, the limitation of an equal distribution of metas-
tases between all lymph nodes in the D2-stations still 
holds true. Under this assumption, a complete D2 lym-
phadenectomy would be needed when there are 2 or 
more positive nodes to be sure in 95% of cases to resect 
all positive nodes. Moreover, the probability to resect 

all positive lymph nodes when only 16 lymph nodes are 
taken is below 5% when there are more than 4 positive 
nodes.

The hard outcome parameters of oncologic surgery are 
survival and quality of life. Consequently, certainty of 
lymph node stage does need to be good enough as long 
as this has implications for therapy and prognosis. “Good 
enough” certainly is not equal to 100% and may be dif-
ferent depending on tumor biology, life expectancy, risk 
inherent to surgery, individual anatomical variations, and 
probability of lymph node metastases.

Taken together, a 16-lymph node threshold is not 
acceptable because it both neglects stochastic realities 
and individual variations based on anatomy and proba-
bility of metastasation. Future guidelines need to respect 
these two aspects. It seems important to examine lymph 
nodes according to their respective stations, leading to 
an adaptive, Bayesian threshold for the number of lymph 
nodes demanded.

With a strict focus on the current UICC/TNM guide-
line and its requirement for examination of at least 16 
lymph nodes without respect to different probabilities of 
metastasation, our study clearly demands a much higher 
number of lymph nodes to be examined.

Conclusions
In general, all harvested lymph nodes should undergo 
pathological examination. Quite clearly, this has an 
impact on group survival and is related to individual 
prognosis. Lymph node stage has an impact on the 
choice of adjuvant therapy. Moreover, the number of 
lymph nodes is the lymphadenectomy’s quality control 
and therefore needed to reach and keep a high stand-
ard in surgical technique. While the lymph node counts 
demanded in most guidelines are insufficient and need 
to be adjusted, demanding a fixed minimum number of 
lymph nodes is a simplification of tumor biology and dif-
ferences in metastatic probability in different stations. 
A Bayesian approach to lymphadenectomy seems to be 
promising and realistic.
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