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ORIGINAL ARTICLE

The number of analyzed lymph nodes � a prognostic factor in
colorectal cancer

DAVID EDLER1, KATARINA ÖHRLING2, MARJA HALLSTRÖM2, MIA KARLBERG2 &

PETER RAGNHAMMAR3

1Department of Surgery, Karolinska University Hospital, Solna, Stockholm, Sweden, 2Department of Oncology at

Radiumhemmet, Karolinska University Hospital, Solna, Stockholm, Sweden and 3Karolinska Institute, Stockholm, Sweden

Abstract
The prognostic significance of the number of lymph nodes examined in surgical specimen of colorectal cancer was
determined. One thousand and twenty five patients with colorectal cancer stage II and III were included in the study. The
patients underwent surgery from 1991 to 1997 and were enrolled in clinical trials to evaluate the efficacy of adjuvant 5-
fluorouracil (5FU) based chemotherapy. The median number of examined lymph nodes was five. Only 13% of the patients
had]/12 lymph nodes analyzed. The number of examined lymph nodes was an independent prognostic factor for overall
survival in the entire group of patients with stage II and III colorectal cancer (p�/0.009). Patients with a higher number of
lymph nodes examined had a longer overall survival. In stage III colorectal cancer the ratio of the number of metastatic
lymph nodes to the number of examined lymph nodes (lymph node ratio, LNR) was an independent prognostic factor for
overall survival. A decreasing LNR was correlated with a longer overall survival (pB/0.0001). Increasing age was associated
with a reduction of lymph node harvest (p�/0.04). Patients with rectal cancer treated with preoperative radiotherapy had a
lower number of lymph nodes analyzed compared with non-radiated (pB/0.001). The number of examined lymph nodes in
the surgical specimen is an independent prognostic factor for overall survival in colorectal cancer. The LNR is an
independent prognostic factor in stage III colorectal cancer.

Colorectal cancer is the third leading cause of cancer

death in the Western world. In spite of new mole-

cular and biochemical markers the most important

prognostic factor is still the stage of disease [1]. The

five-year survival in colorectal cancer stage II is

approximately 80% and in stage III reduced to 50%.

Adjuvant chemotherapy has showed survival benefit

in patients with stage III colon cancer [2].

To determine the stage of disease in colorectal

cancer a sufficient number of lymph nodes have to

be examined. The minimum recommended number

of lymph nodes necessary for adequate staging is 12

according to both the International Union Against

Cancer and the American Joint Committee on

Cancer. A failure to retrieve an adequate number

of lymph nodes increases the risk for understaging

[3,4]. Understaged patients may not be given the

opportunity to receive adjuvant chemotherapy. A

limited number of examined nodes is a result of poor

surgical- or pathological quality or both [5]. It has

been reported that the ratio of the number of

metastatic lymph nodes to the number of examined

lymph nodes (lymph node ratio, LNR) is an

important prognostic factor in gastric- pancreatic-

and breast cancer [6�8]. Recent publications also

describe the importance of LNR in colorectal cancer

[9,10].

The aim of this study was to define if the number

of examined lymph nodes and the LNR have a

prognostic value in patients after radical surgery for

stage II and III colorectal cancer.

Material and methods

The study population consisted of 1 025 patients

with stage II and III colorectal cancer from 50

hospitals in Sweden and two hospitals in Denmark.

The patients’ demographics, tumour site, stage

of disease and tumour differentiation are listed in

Table I. The patients underwent curative resection of
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the primary tumour from 1991 to 1997. All patients

were included in prospective randomized clinical

trials, randomized to surgery alone or surgery plus 5-

FU based adjuvant chemotherapy. The adjuvant

chemotherapy schedules included 5FU/levamisole

for 12 months, 5FU/leucovorin for 4�5 months

according to either a modified Mayo Clinic schedule

or the Nordic schedule. Some centres also rando-

mised patients treated with 5FU/leucovorin to �//�/

levamisole [11]. Only patients up to the age of 76

years and with no history of other malignancies

within the last five years were included. The adjuvant

chemotherapy was started within 40 days after

surgery in Denmark, within 70 days after surgery

in Stockholm and within 49 days after surgery in the

rest of Sweden. About 40% of the patients with stage

II and III rectal cancer received preoperative radio-

therapy with 5�/5 Gy.

Parameters of treatment, clinical outcome and

date of death were obtained from the centres of

Epidemiological Oncology. The quantity of resected

lymph nodes and the number of lymph node

metastases were obtained from the pathology re-

ports.

Statistical methods

The endpoint for the survival analysis was overall

survival (OS). To examine the relation between

overall survival and stage of disease, differentiation,

tumour localization, treatment, number of resected

lymph nodes, number of lymph node metastases,

gender and age the univariate Cox proportional

hazard regression was used. Multivariate analyses

were performed using Cox regression. The Kaplan-

Meier method was used to create survival curves.

The differences in distribution between groups were

compared with the x2 test and differences in mean

with Mann-Whitney.

Results

Data from 1025 patients were eligible for this review.

The median follow-up time was 5 years.

Number of analyzed lymph nodes

The median number of analyzed lymph nodes was

5.0 (range 0�32), Table II. In stage II the median

number of analyzed lymph nodes was 4.5 and in

stage III 5.0. In 54 pathology reports no lymph

nodes were examined.

Twelve or more lymph nodes were examined in

130 of 1 025 cases (12.7%). Twelve or more lymph

nodes were retrieved in 66 of 498 (13.3%) of

the patients with stage II and 64 of 527 (12.1%)

in patients with stage III colorectal cancer. The

total number of examined lymph nodes is stated in

Figure 1.

There was a significant lower number of examined

lymph nodes in rectal cancer compared with colon

cancer, median 4 versus 5 (p�/0.001). In patients

with rectal cancer who were treated with preopera-

tive radiotherapy (n�/113) the median number of

Table I. Patient’s demographics, tumour site, stage and tumour

differentiation.

Age

29�49 74

50�59 239

60�69 403

]/70 309

Gender

Male 579

Female 446

Localization

Colon 727

Rectum 298

Stage

II 498

III 527

Differentiation 996

Low 203

Median 718

High 75

Table II. The number of examined lymph nodes versus site of tumours.

Localization of tumour Number of

patients

Median number of

examined lymph nodes

Mean number of

examined lymph nodes

Range of number of

examined lymph nodes

Right colon 326 6 7 0�31

Transverse colon 53 5 6 0�23

Left colon 66 6 7 0�32

Sigmoid colon 264 5 6 0�27

Colon unspecified 18 4 6 0�13

Colon 727 5 7 0�32

Rectum 298 4 5 0�22

with preoperative radiation 113 4 4 0�12

without preoperative radiation 185 5 6 0�22

Total number of patients: 1025 5 6 0�32

976 D. Edler et al.



analyzed lymph nodes was less, 4 compared to

5 lymph nodes in non-radiated patients (n�/185,

pB/0.001).

Number of lymph nodes and age

The number of analyzed lymph nodes was inversely

correlated to age with a lower number of analyzed

lymph nodes with advancing age (p�/0.04). The

inverse correlation was obvious in colon cancer

patients (p�/0.03) and in rectal cancer patients

treated with preoperative radiation (p�/0.02) but

not in the group of rectal cancer patients who did not

receive preoperative radiotherapy (n�/185, p�/0.9)

There was also a correlation between the number

of examined lymph nodes and the number of lymph

node metastases (pB/0.0001). The possibility to

find more lymph node metastases when more

lymph nodes were analyzed was apparent in

both colon cancer (pB/0.0001) and rectal cancer

(pB/0.0001). There was a correlation between the

number of analyzed lymph nodes and stage of

disease (p�/0.002).

Number of analyzed lymph nodes and prognosis

The number of analyzed lymph nodes was cate-

gorised in two groups, 0�11 versus]/12.

In the entire study group the number of analyzed

lymph nodes correlated with overall survival (p�/

0.007), Figure 2a. The 5-year survival was 64%

in the group with 0�11 lymph nodes examined

compared with 77% in the group with 12 or more

lymph nodes examined. In the group of 54 patients

without available lymph nodes to analyze, the

survival rate was not different from the group of

patients where 1 to 11 lymph nodes were examined

(p�/0.6).

The number of analyzed lymph nodes was prog-

nostic for patients with colon cancer (p�/0.016). In

the smaller group of patients with rectal cancer the

prognostic value of the number of analyzed lymph

nodes did not reach a significant value (p�/0.13).

When analyzing different stages we found that the

number of analyzed lymph nodes had a prognostic

value among patients with stage II colorectal cancer

(p�/0.02), Figure 2b, but did not reach a significant

level in patients with stage III colorectal cancer

(p�/0.08), Figure 2c.

In the multivariate analysis the number of ana-

lyzed lymph nodes was of prognostic value in the

entire study group of patients with colorectal cancer

(p�/0.009). When analyzing the individual sub-

groups colon stage II, colon stage III, rectum stage

II and rectum stage III respectively, we found an

independent prognostic value of the number of
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Figure 1. The number of examined lymph nodes in 1 025 patients

with colorectal cancer stage II and III.
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Figure 2. Kaplan-Meier plot of overall survival and the correla-

tion to the number of examined lymph nodes. (A) Overall survival

in 1025 patients with colorectal cancer stage II and III. (B) Overall

survival in 498 patients with colorectal cancer stage II. (C) Overall

survival in 527 patients with colorectal cancer stage III.
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analyzed lymph nodes only in one group, patients

with colon cancer stage II (p�/0.05).

Other prognostic markers found in the entire

study group beside number of analyzed lymph nodes

were age, stage of disease and tumour differentiation

(Table III). Stage of disease and number of exam-

ined lymph nodes remained as independent prog-

nostic factors for overall survival in the multivariate

analysis (Table III).

Ratio of metastatic to examined lymph nodes in colorectal

cancer stage III

Since the importance of the lymph node ratio (LNR)

in patients with stage III colorectal cancer has been

reported to be of prognostic value, this ratio was also

calculated in this study.

The LNR was defined as a continuous variable

and appeared to be a strong prognostic factor

for overall survival. A low LNR correlated with

a better clinical outcome (pB/0.0001). The LNR

was the only independent prognostic factor in the

group of patient with stage III tumours (pB/0.0001).

The prognostic value of LNR was obvious in

both colon (pB/0.0001) and rectal cancer (p�/

0.0003).

Stage III patients were also divided into four

groups based on LNR. These ratios wereB/0.2, 0.2

to 0.49, 0.5 to 0.69 and 0.7 to 1.0. The five year

survival rates were 77%, 56%, 51% and 44%,

respectively (Figure 3).

There was the same distribution of LNR-groups

in the two treatment arms randomized between

surgery alone versus surgery and adjuvant che-

motherapy.

Number of analyzed lymph nodes and survival after

adjuvant chemotherapy

In the entire study group no difference in survival

was found between the group which was treated with

surgery alone compared with the group treated with

adjuvant therapy. However, in the subgroup of

patients with colon cancer stage III where 12 or

more lymph nodes were analyzed we found longer

survival among patients treated with adjuvant che-

motherapy compared to surgery alone (n�/46,

p�/0.03), Figure 4a and b. Adjuvant treatment

(p�/0.03) and the LNR (p�/0.03) were the inde-

pendent prognostic factors in patients with stage III

colon cancer with 12 or more lymph nodes analyzed.

Discussion

An accurate assessment of lymph node status in

colorectal patients without distant metastases is

essential as the presence of positive lymph nodes is

used to decide whether a patient should receive

adjuvant chemotherapy or not. An incorrect staging

can have impact on the intensity of cancer surveil-

lance. An inadequate lymph node sampling may lead

to a failure in removing involved lymph node

metastases, which consequently increases the risk

of local tumour recurrence.

In accordance with other reports this study con-

firms that the number of analyzed lymph nodes is a

prognostic factor for patients with colorectal cancer

[4,10,12�15]. The evaluation of high numbers of

lymph nodes in stage II colorectal cancer may

decrease misclassification of node-positive patients

as node-negative. Poor survival among stage II

patients with low number of analyzed lymph nodes

Table III. Prognostic factors in the study population of 1025 patients with colorectal cancer stage II and III.

No. of patients Number of Deaths (%) Univariate analysis Multivariate analysis

1025 392 (38%) p-value p-value

Age p�/0.04 p�/0.06

20�39 74 17 (23%)

40�59 239 95 (40%)

60�69 403 145 (36%)

�/70 309 135 (44%)

Stage pB/0.0001 pB/0.0001

II 498 135 (27%)

III 527 257 (51%)

Differentiation 996 pB/0.009 p�/0.06

Low 203 93 (46%)

Median 718 267 (37%)

High 75 18 (24%)

Number of Examined Lymph nodes p�/0.007 p�/0.009

0�11 895 355 (40%)

]/12 130 37 (28%)

978 D. Edler et al.



may be due to stage migration. It is plausible that

also interaction between tumour and host might

influence the number of assessable lymph nodes.

Pages et al. have found that the immune response

within the tumours was associated with a less

advanced pathological stage and prolonged survival

[16]. George et al. have analyzed data from 3 592

patients and found an association between lympho-

cytic infiltration into the primary tumour and

survival advantage as well as more lymph nodes

found [15]. Reactive enlargement of lymph nodes in

the mesentery may make them easier to find.

In clinical practice, there are both surgical and

pathologic barriers for an accurate lymph node

evaluation. Surgeons must provide the pathologists

with an adequate specimen containing the tumour as

well as the lymph node-bearing mesentery, which

includes the main lympho- vascular supply to the

bowel. The minimum number of negative lymph

nodes necessary for an appropriate staging is 12

according to the American Joint Committee on

Cancer and the International Union Against Cancer

[17,18].

There is described a variability in patient outcome

in rectal cancer surgery related to case volume, with

better results obtained in patients treated by high-

volume surgeons [19] and a strong association

between surgical specialization in coloproctology

and beneficial outcome [20,21]. This could also

have an application in the number of resected lymph

nodes. There is also a variation in median number of

analysed lymph nodes reported between different

pathology departments [9,22] which indicates that

local surgical – as well as pathology patterns may

affect the adequacy of lymph node evaluation.

Patients in the present study underwent surgery

between 1991 and 1997 when the impact of exam-

ining a high number of lymph nodes was still not

clear. The lymph node evaluation has improved over

time from a median value of four lymph nodes in

1991 to seven lymph nodes in 1997 (p�/0.003). In a

study by Jestin et al. including 3 735 Swedish

patients with colorectal cancer stage II and III

operated between 1997 and 2002 the median

number of analyzed lymph nodes was eight [9].

Our study population is a selected group where

patients up to the age of 76 years were included. The

median age at time of surgery was 64 years which is

lower than the population based median age at time

for colorectal cancer surgery. However, population

based reports have shown the same importance of

the quality of lymph node harvesting irrespective of

age [9].

We found that elderly patients were more likely to

have a lower number of lymph nodes evaluated than

younger patients. The reason for a decreasing

number of lymph nodes in elderly patients is still

not clear but can be that wider lymphadenectomy is

more commonly performed in the younger patients.

Another hypothesis is that lymph nodes may un-

dergo a process of involution with increasing age

[23]. In a report including more than 100 000

American patients with colorectal cancer Baxter et

al. reported that elderly patients were less likely to

receive an accurate lymph node evaluation in com-

parison with younger patients [22]. In a study

including more than 5 000 patients, Tekkis et al.
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Figure 4. (A) Overall survival in 46 patients with colon cancer

stage III with 12 or more lymph nodes analyzed with respect to

adjuvant treatment or surgery alone. (B) Overall survival in 320

patients with colon cancer stage III with one up to 11 lymph nodes

analyzed with respect to adjuvant treatment or surgery alone.
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found that increasing age was associated with a

reduction of lymph node harvest [24].

In our study approximately 40% of the patients

with rectal cancer were treated with preoperative

radiotherapy, (5Gy�/5). We can not elucidate

whether there are more advanced tumours and lower

located tumours in the radiated group. However,

there was the same median age and frequency of

stage II and III rectal cancer in the group treated

with surgery alone compared with the group treated

with radiotherapy after operation and the survival

rate was similar in the two groups. We have revealed

that the number of lymph nodes harvested from

rectal cancer patients who were treated with radio-

therapy preoperatively was significantly lower com-

pared with the group who had surgery without

preoperative radiotherapy which also has been re-

ported by others [24�26]. Ionizing radiotherapy has

a substantial and prolonged effect and is associated

with lymphocyte depletion in normal lymph nodes,

with atrophy and fibrosis of the stroma. This might

result in a decrease in lymph node size or can even

make the lymph node unrecognizable [27]. Lymph

node staging in rectal cancer patients who are treated

with preoperative radiotherapy must be interpreted

with caution.

We found that the number of lymph nodes was a

prognostic factor in stage II colorectal cancer but the

prognostic value did not reach significant level in

stage III colorectal cancer. However, in the group of

N1-tumours with 1�3 lymph node metastases we

found a prognostic value in the number of analyzed

lymph nodes (p�/0.03) but not among N2 tumours.

There is a potential risk of incorrect staged N1

tumours with a shorter overall survival in the N1

stage group when few lymph nodes are analyzed.

There are studies including a higher number of

patients reporting a prognostic value of the number

of analyzed lymph nodes also in stage III colorectal

cancer [9,15].

We have found that the LNR in both colon and

rectal cancer is a prognostic factor which is in

accordance with other reports [9,10]. The LNR

was a prognostic factor in the N1 group with 1�3

metastases but not in the group of 114 patients with

N2 tumours.

However others who have studied material includ-

ing more patients with N2 tumours have presented

changes in survival based on LNR in both N1 and

N2 tumours [10]. The LNR is a reflection of the

number of positive nodes and the total number of

evaluated lymph nodes which have already been

shown to be important prognostic factors for color-

ectal cancer [12,14]. With increasing number of

metastatic lymph nodes and unchanged total num-

ber of lymph nodes the LNR will increase. An

increasing LNR correlates to a decreased survival.

Among the 2 211 patients included in the Nordic

adjuvant studies there was a 7% absolute benefit in

overall survival for patients with stage III colon

cancer receiving adjuvant 5-FU based chemotherapy

but without reaching significant level [11]. In the

present retrospective analysis including a subgroup

of 1 025 patients from the Nordic trials there was no

difference in survival between the group treated with

surgery alone compared with the group treated with

adjuvant chemotherapy after surgery. When dividing

the study population into subgroups we found a

longer overall survival in the group of patients with

colon cancer stage III with 12 or more analyzed

nodes who was treated with chemotherapy com-

pared with the group treated with surgery alone

(p�/0.03, n�/46). However, this finding should be

interpreted with caution given that the number of

patients is too small to conclude whether the quality

of node harvesting has any impact on the benefit of

adjuvant chemotherapy or not. The extent of benefit

from adjuvant chemotherapy is reported to relate to

tumour grade, invasion and nodal involvement and

patients at highest risk of recurrence are those who

seem to gain most from adjuvant therapy [2].

Conclusion

In the presented material of patients who underwent

surgery from 1991 to 1997 a majority had an

inadequate lymph node evaluation according to the

American Joint Committee on Cancer and the

International Union Against Cancer [17,18] and

only 13% of the patients had 12 or more nodes

examined. The number of examined nodes was an

independent prognostic factor for overall survival in

the entire group and in the subgroup of patients with

stage II colorectal cancer. In the group of patients

with stage III colorectal cancer the prognostic value

did not reach a significant value (p�/0.08). How-

ever, the ratio between the number of analyzed

lymph node metastases and the number of examined

lymph nodes (LNR) was an independent prognostic

factor in stage III colon cancer and stage III rectal

cancer. We have confirmed that preoperative radio-

therapy of rectal cancer is associated with a lower

number of examined lymph nodes compared with

non-radiated rectal cancer patients. In the studied

patient group there was a correlation between higher

age and lower number of examined lymph nodes. It

is very important to improve the lymph node

retrieval as it has great impact on the postoperative

treatment and prognosis. Every effort to improve

quality of care in this field will result in better clinical

outcome for patients with colorectal cancer.
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