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Pancreatic cancer, the most common subtype of which is pan-
creatic ductal adenocarcinoma (PDAC), is the leading cause of 
cancer-related death in the United States and Korea [1-3]. In 
2017, an estimated 448,000 people were diagnosed with PDAC 
and 441,000 people died from the disease worldwide. Only 10% 
of patients with PDAC are in an early stage of disease at the time 
of diagnosis [3]. Most patients with PDAC are diagnosed with 
advanced stage disease with regional extension and distant me-
tastasis at the time of diagnosis. Therefore, most patients are not 
eligible for surgical resection [4]. 

Lymph node metastasis is a poor prognostic factor in patients 
with PDAC [5-8]. Nodal status and quantity are important, and 
nodal (N) staging is classified based on the number of metastatic 

lymph nodes, as N0 (0), N1 (1–3), and N2 (≥ 4), in the 8th edi-
tion of the American Joint Committee on Cancer [9]. Several oth-
er aspects of lymph node metastasis, including the lymph node 
ratio, are strong prognostic indicators [10]. A minimum of 12 
lymph nodes should be examined to properly evaluate the N0 
category [11,12].

Imaging is important for the preoperative staging of PDACs. 
Lymph nodes with a short axis ≥ 1 cm or an abnormal shape, in-
cluding a round contour, irregular margin, and hypodense or het-
erogeneous density, are suspicious for metastasis [9]. However, 
it is difficult to assess metastatic lymph nodes by imaging such 
as computed tomography (CT) or magnetic resonance imaging 
(MRI), as the nodes may be enlarged due to metastasis or reactive 
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hyperplasia from known or unknown stimuli [13]. Enlarged 
peripancreatic lymph nodes may indicate nodal metastasis dur-
ing surgical resection of the PDAC. The surgeon may sample the 
enlarged lymph node for intraoperative pathologic consultation 
with frozen sectioning.

Previous research compared lymph node size based on meta-
static status and concluded that lymph node size was not a good 
indicator for metastatic involvement [14-21]. However, the num-
ber of cases included in these studies was too small to make a solid 
conclusion. Therefore, a validation study is required. To evaluate 
whether lymph node size can be used as a surrogate preoperative 
marker of lymph node metastasis, we systematically assessed 
lymph node size based on nodal metastasis in 200 surgically re-
sected PDACs.

MATERIALS AND METHODS

Case selection

A total of 223 consecutive surgically resected PDAC cases from 
December of 2013 to December of 2014 were selected from a pa-
thology archive. PDAC was the only pancreatic cancer included 
because it made up most of the surgically resected pancreatic 
cancer cases. Other histologic subtypes, such as adenosquamous, 
colloid, medullary, undifferentiated carcinomas, undifferentiated 
carcinomas with osteoclast-like giant cells, and squamous cell 
carcinomas, were not present. Fifteen PDACs arising from in-
traductal papillary mucinous neoplasm and one double primary 
cancer with concurrent pancreatic duodenal cancer were excluded. 
In addition, seven patients who had preoperative chemo-radia-
tion therapy were also excluded. Finally, a total of 200 PDAC 
cases, including 133 pancreaticoduodenectomy, 58 distal pan-
createctomy, and nine total pancreatectomy cases, were selected, 
and all cases had lymph node dissection. A flow chart illustrating 
the inclusion and exclusion criteria is depicted in Fig. 1. Clinical 
characteristics such as age and sex of the patient, tumor location, 
operation type, follow-up data, survival data, and recurrence and 
metastasis data were obtained from the electronic medical re-
cords. Pathologic data were evaluated, i.e., tumor size, invasion 
into the extrahepatic bile duct, duodenum, and spleen, histologic 
tumor grade, lymphovascular and perineural invasion, invasion 
of the large vessel, including splenic, portal, or superior mesen-
teric veins, the cancer resection margin, and pT and pN catego-
ries. The pT and pN categories were determined based on the 
8th edition of the American Joint Committee on Cancer cancer 
staging system [9].

Radiologic evaluation of suspicious metastatic lymph nodes

Lymph nodes suspicious for metastasis were defined as those 
having a short axis more than 10 mm or an abnormal shape, in-
cluding a round contour with an irregular margin or hypodense 
or heterogeneous density [22].

Histopathological evaluation of lymph nodes

Lymph nodes were meticulously retrieved during gross exami-
nation. Small lymph nodes were submitted as a single piece, while 
large lymph nodes were bisected [23]. Six cases were randomly 
selected to evaluate the shrinkage effect during the overnight 
fixation procedure with 10% neutral buffered formalin. The size 
of 85 lymph nodes was measured at the time of gross examination 
(before fixation) and on the formalin-fixed paraffin-embedded 
(FFPE) tissue blocks (after fixation). The size of the lymph nodes 
both in the long and short axes on hematoxylin and eosin (H&E) 
slides was measured. Representative gross (before and after fixation) 
and microscopic images of lymph node are depicted in Fig. 2.

All H&E stained slides were carefully reviewed by two pa-
thologists (J.S. and S.M.H.). The total examined and metastatic 
lymph nodes were counted. Since most pathologic examinations 
measure and use the largest dimension, the dimension of the long 
axis of each lymph node (in mm) was measured with a ruler and 
recorded, regardless of metastatic status. In addition, the dimen-
sion of the short axis of each lymph node was also measured, 
because measurement of the short axis of lymph nodes has been 
used in preoperative radiologic evaluation [22]. The largest di-
mension of each metastatic foci was measured and recorded. 
The lymph node size distribution and the relationship between 
lymph node size and metastatic status were evaluated. 

PDACs: 223 cases

Exclusion: cases arising from IPMNs  
  (15 cases)

Exclusion: cases with double pancreatic  
  and duodenal primary cancer (1 case)

Exclusion: cases with preoperative  
  chemoradiation therapy (7 cases)

PDACs: 207 cases

PDACs: 200 cases

Fig. 1. Flow chart for patient selection. PDAC, pancreatic ductal 
adenocarcinoma; IPMN, intraductal papillary mucinous neoplasm.



http://jpatholtm.org/https://doi.org/10.4132/jptm.2020.06.23

Lymph node size in pancreatic cancer  •     389

Statistical analysis

Statistical analyses were performed with IBM SPSS Statistics 
for Windows, ver. 20.0 (IBM Corp., Armonk, NY, USA) and R 
project ver. 3.6.1. Categorical variables were compared by the 
Pearson chi-square and Fisher exact tests. Continuous variables 
were compared by the independent Student’s t-test and Wilcoxon 
signed-rank test. A p-value less than .05 was considered statis-
tically significant. We used a logistic regression model to predict 
the probability of lymph node metastasis. Receiver operating 
characteristic (ROC) curves were generated to calculate the area 
under the curve (AUC), which measures the predictive power of 
lymph node size for estimating metastasis by preoperative im-
aging modalities.

RESULTS

Case characteristics 

The clinicopathologic characteristics of the patients are sum-
marized in Table 1. The mean patient age was 62.1 ± 10.0 years 
(range, 35 to 82 years), and 113 were male and 87 were female. 
The mean tumor size was 33 ± 13 mm (range, 6 to 88 mm). Ap-

proximately two-thirds (113) of the cases were classified as T2 
(66.5%), 22 cases (11%) were T1, 37 cases (18.5%) were T3, and 
eight cases (4%) were classified as T4. Lymphovascular and peri-
neural invasion occurred in 149 (74.5%) and 181 (90.5%) cases, 
respectively. Lymph node metastasis was observed in 124 (62%) 
cases. Of the cases with nodal metastasis, 85 were N1 cases (42.5%) 
and 39 were N2 cases (19.5%). The median follow-up period was 
20 months (range, 1 to 71 months), and 161 of 200 patients died 
during this period.

Comparison of lymph node size before and after fixation

The mean long axis nodal sizes of 85 lymph nodes from six 
randomly selected cases before and after the fixation procedure 
were 6.9 ± 4.5 mm (range, 2 to 19 mm) and 6.5 ± 3.9 mm (range, 
2 to 17 mm), respectively. There was a significant decrease in 
lymph node size after fixation (Wilcoxon signed-rank test, p < 

.001). The calculated shrinkage effect (mean, 0.47 ± 0.75; 95% 
confidence interval [CI], 0.31 to 0.63) after fixation was 6.8%. 
There were 14 metastatic (16%) and 71 were non-metastatic (84%) 
lymph nodes. The mean sizes of metastatic nodes along the long 
axis before and after fixation were 8.7 ± 5.2 mm and 8.1 ± 4.8 mm, 

Fig. 2. Representative gross (before and after fixation) and microscopic images of evaluated lymph nodes. Gross images of lymph node be-
fore (A) and after (B) fixation. (C) Image of lymph node in formalin fixed paraffin embedded tissue block. (D) Microscopic image on H&E stained 
slides of lymph node. 

A
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respectively. The mean sizes of non-metastatic nodes along the 
long axis before and after fixation were 6.6 ± 4.3 mm and 6.1 ± 

3.7 mm, respectively. No significant differences in the shrinkage 
effect were observed between the metastatic and non-metastatic 
lymph node groups (p = .585).

The mean short axis nodal sizes before and after the fixation 
procedure were 4.2 ± 2.6 mm (range, 1 to 15 mm) and 3.9 ± 2.2 
mm (range, 1 to 13.5 mm), respectively. There was a significant 
decrease in lymph node size after fixation (Wilcoxon signed-rank 
test, p < .001). The calculated shrinkage effect (mean, 0.33 ± 

0.49; 95% CI, 0.22 to 0.44) after fixation was 7.9%. The mean 
sizes of metastatic nodes along the short axis before and after 
fixation were 5.4 ± 3.6 mm and 4.9 ± 3.1 mm, respectively. The 

mean sizes of non-metastatic nodes along the short axis before 
and after fixation were 4.0 ± 2.4 mm and 3.7 ± 2.0 mm, respec-
tively. No significant differences in the shrinkage effect were ob-
served between the metastatic and non-metastatic lymph node 
groups (p = .156).

Association of lymph node metastasis and other clinico-
pathologic factors

The associations between lymph node metastasis and other 
clinicopathologic factors are summarized in Table 1. Lymph node 
metastasis was associated with large tumor size (p = .015), inva-
sion into large vessels, including the splenic, portal, and/or su-
perior mesenteric veins (p = .007), involvement of the resection 

Table 1. The clinicopathologic characteristics of 200 patients with surgically resected PDAC based on nodal metastasis status

Characteristic Without lymph node metastasis With lymph node metastasis p-value

No. of patients 76 124
Age (yr) 62.7 ± 1.1 (43–81) 61.8 ± 0.9 (35–82) .544
Sex .986
   Male 43 (56.6) 70 (56.5)
   Female 33 (43.4) 54 (43.5)
Peripancreatic soft tissue invasion 71 (93.4) 122 (98.4) .107
Common bile duct invasion 32 (42.1) 67 (54.0) .102
Duodenum invasion 27 (35.5) 57 (46.0) .146
Large vessel invasion .007
   Absent 65 (85.5) 85 (68.5)
   Present 11 (14.5) 39 (31.5)
Surgical margin status .027
   Free 57 (75.0) 74 (59.7)
   Involved 19 (25.0) 50 (40.3)
Tumor size (cm) 3.0 ± 0.1 (0.6–7.0) 3.4 ± 0.1 (1.3–8.8) .015
Tumor location .338
   Head/uncinate/neck 49 (64.5) 81 (65.3)
   Body/tail 23 (30.3) 30 (24.2)
   Diffuse or multifocal 4 (5.3) 13 (10.5)
T category .008
   pT1 13 (17.1) 9 (7.3)
   pT2 53 (69.7) 80 (64.5)
   pT3 10 (13.2) 27 (21.8)
   pT4 0 8 (6.5)
Histologic grade .188
   Well differentiated 5 (6.6) 2 (1.6)
   Moderately differentiated 60 (78.9) 102 (82.3)
   Poorly differentiated 11 (14.5) 20 (16.1)
Lymphovascular invasion < .001
   Absent 34 (44.7) 17 (13.7)
   Present 42 (55.3) 107 (86.3)
Perineural invasion .167
   Absent 10 (13.2) 9 (7.3)
   Present 66 (86.8) 115 (92.7)

Values are presented as number (%) or mean ± SD (range).
PDAC, pancreatic ductal adenocarcinoma; SD, standard deviation.
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margin (p = .027), high T categories (p = .008), and lymphovas-
cular invasion (p < .001).

Comparison of lymph node size based on metastatic status

A total of 4,525 lymph nodes were evaluated in this study; 
412 (9.1%) had metastatic foci, while 4,113 (90.9%) had no me-
tastasis. The mean number of examined lymph nodes was 22.6 ± 

11.9 per case (Fig. 3). The mean number of metastatic lymph 
nodes was 2.1 ± 2.6 per case (Fig. 4). The mean sizes of the long 
and short axes of all lymph nodes were 5.2 ± 4.1 mm and 3.1 ± 

2.2 mm, respectively. The mean size of the long axis of the 412 

metastatic lymph nodes (6.9 ± 5.0 mm) was significantly larger 
than that of the non-metastatic lymph nodes (5.0 ± 4.0 mm, p < 

.001). Similarly, the mean size of the short axis of the metastatic 
lymph nodes (4.3 ± 3.1 mm) was significantly larger than that 
of the non-metastatic lymph nodes (3.0 ± 2.0 mm, p < .001). 

As imaging modalities can detect lymph nodes with a diam-
eter of more than 10 mm of the short axis, we compared the size 
of the largest lymph node from each case. The mean size of the 
largest lymph nodes measured along the long axis from 200 in-
dividual cases was 14.7 ± 5.8 mm. The mean size of the largest 
lymph node from 124 patients with nodal metastasis (15.6 ± 5.7 
mm) was significantly larger than that from 76 patients without 
metastasis (13.3 ± 5.8 mm, p = .009). There were 595 lymph 
nodes with a diameter greater 10 mm, 102 of which exhibited 
metastatic foci (17.1%). 

Preoperative estimation of lymph node metastasis by 
imaging modalities based on each case

Preoperative radiologic estimation of lymph node metastasis 
by preoperative CT or MRI imaging was compared with meta-
static status by histopathologic evaluation in 200 cases. The 
sensitivity and specificity of preoperative radiologic estimation 
of metastasis was 56.5% (70/124 cases) and 89.5% (68/76 cases), 
respectively. The positive predictive value (PPV) and negative 
predictive value (NPV) of the estimation of lymph node metas-
tasis was 89.7% (70/78 cases) and 55.7% (68/122 cases), respec-
tively, based on preoperative radiologic imaging.

Sensitivity, specificity, PPV, NPV, and overall accuracy of 
nodal metastasis with different cutoffs based on the  
number of examined lymph nodes

We then compared the metastatic status of lymph nodes at 
six different cutoff points, including 6, 8, 10, 12, 15, and 20 mm, 
based on lymph node size measured along the long axis after 
fixation. The sensitivity, specificity, PPV, and NPV at each cutoff 
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Fig. 3. Examined lymph node distribution, per case.
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Fig. 4. Metastatic lymph node distribution, per case.

Table 2. The sensitivity, specificity, PPV, NPV, and accuracy of six different cutoff points for detecting metastasis by the long axis size of 
lymph nodes from 200 PDAC cases based on the number of examined lymph nodes

Cutoff point (mm) Sensitivity Specificity PPV NPV Accuracy

6 200/412 (48.5) 2,780/4,113 (67.6) 200/1,533 (13.0) 2,780/2,992 (92.9) 2,980/4,525 (65.9)
8 140/412 (34.0) 3,332/4,113 (81.0) 140/921 (15.2) 3,332/3,604 (92.5) 3,472/4,525 (76.7)
10 102/412 (24.8) 3,620/4,113 (88.0) 102/595 (17.1) 3,620/3,930 (92.1) 3,722/4,525 (82.3)
12 62/412 (15.0) 3,809/4,113 (92.6) 62/366 (16.9) 3,809/4,159 (91.6) 3,871/4,525 (85.5)
15 27/412 (6.6) 3,952/4,113 (96.1) 27/188 (14.4) 3,952/4,337 (91.1) 3,979/4,525 (87.9)
20 13/412 (3.2) 4,075/4,113 (99.1) 13/51 (25.5) 4,075/4,474 (91.1) 4,088/4,525 (90.3)

Values are presented as number (%). 
PPV, positive predictive value; NPV, negative predictive value; PDAC, pancreatic ductal adenocarcinoma.
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point for all 4,525 evaluated lymph nodes are summarized in 
Table 2. At the cutoff point of 10 mm, the sensitivity was 24.8% 
(102/412 lymph nodes), specificity was 88.0% (3,620/4,113), 
PPV was 17.1% (102/595), NPV was 92.1% (3,620/3,930), and 
overall accuracy was 82.3% (3,722/4,525).

We also compared the metastatic status of lymph nodes at six 
different cutoff points, including 4, 6, 8, 10, 12, and 14 mm, 
based on lymph nodes measured along the short axis after fixa-
tion. The sensitivity, specificity, PPV, and NPV at each cutoff 
point for all 4,525 evaluated lymph nodes are summarized in 
Table 3. At the cutoff point of 10 mm, the sensitivity was 7.0% 
(29/412 lymph nodes), specificity was 99.0% (4,070/4,113), 
PPV was 40.3% (29/72), NPV was 91.4% (4,070/4,453), and 
overall accuracy was 90.6% (4,099/4,525).

Predicted probability of lymph node metastasis based on 
logistic regression and analysis of ROC 

The predicted probability of node metastasis according to 
lymph node size was assessed by logistic regression analysis. As 
lymph node size measured along the long axis increased by 1 
mm, the odds of node metastasis increased by 1.09-fold. When 
the long axis size of lymph nodes was more than 10 mm, the pre-
dicted probability of nodal metastasis was 12.5%. Fig. 5 dem-
onstrates the ROC curves of six cutoff points for discriminating 
metastatic lymph nodes from non-metastatic ones measured along 
the long axis. The AUC value of the ROC curve at the 10 mm 
cutoff was the largest (0.603; 95% CI, 0.522 to 0.684).

Similarly, as lymph node size measured along the short axis in-
creased by 1 mm, the odds of node metastasis increased by 1.24-

Table 3. The sensitivity, specificity, PPV, NPV, and accuracy of six different cutoff points for detecting metastasis by the short axis size of 
lymph nodes from 200 PDAC cases based on the number of examined lymph nodes

Cutoff point (mm) Sensitivity Specificity PPV NPV Accuracy

4 187/412 (45.4) 2,980/4,113 (72.5) 187/1,320 (14.2) 2,980/3,205 (93.0) 3,167/4,525 (70.0)
6 101/412 (24.5) 3,643/4,113 (88.6) 101/571 (17.7) 3,643/3,954 (92.1) 3,744/4,525 (82.7)
8 52/412 (12.6) 3,929/4,113 (95.5) 52/236 (22.0) 3,929/4,289 (91.6) 3,981/4,525 (88.0)
10 29/412 (7.0) 4,070/4,113 (99.0) 29/72 (40.3) 4,070/4,453 (91.4) 4,099/4,525 (90.6)
12 14/412 (3.4) 4,097/4,113 (99.6) 14/30 (46.7) 4,097/4,495 (91.1) 4,111/4,525 (90.9)
14 8/412 (1.9) 4,112/4,113 (99.9) 8/9 (88.9) 4,112/4,516 (91.1) 4,120/4,525 (91.0)

Values are presented as number (%). 
PPV, positive predictive value; NPV, negative predictive value; PDAC, pancreatic ductal adenocarcinoma.
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fold. When the short axis size of lymph nodes was more than 
10 mm, the predicted probability of nodal metastasis was 32.0%. 
Fig. 6 demonstrates the ROC curves of six cutoff points for dis-
criminating metastatic lymph nodes from non-metastatic ones 
measured along the short axis. The AUC value of the ROC curve 
at the 10 mm cutoff was the largest (0.610; 95% CI, 0.516 to 
0.705).

DISCUSSION

Lymph node metastasis is a poor prognostic factor in patients 
with PDAC [5-8,12]. To better understand the relationship be-
tween lymph node size and metastases, we comprehensively eval-
uated all harvested lymph nodes by measuring the size along 
the long and short axes and compared the lymph node size and 
metastasis. The AUC was 0.61 and 0.60 when nodal size was 
measured along the short and long axis, respectively, at the cutoff 
points of 10 mm. These results indicate that the performance of 
preoperative radiologic imaging to predict lymph nodal metas-
tasis is not good.

We observed that when cancer cells metastasized to lymph 
nodes, the nodal size was significantly larger than that of non-
metastatic lymph nodes. However, the mean size difference mea-
sured along the long axis between metastatic (6.9 mm) and non-
metastatic (5.0 mm) lymph nodes was only 1.9 mm. Similarly, 

the mean size difference measured along the short axis between 
metastatic (4.3 mm) and non-metastatic (3.0 mm) lymph nodes 
was only 1.3 mm. Traditionally, lymph nodes with a diameter 
of more than 10 mm measured along the short axis have been 
radiologically considered as metastatic lymph nodes. When we 
compared the largest lymph nodes from each case, the mean 
difference in size measured along the long axis between meta-
static (15.6 mm) and non-metastatic (13.3 mm) nodes was only 
2.3 mm. When largest lymph nodes from each case were com-
pared, the mean difference in size measured along the short axis 
between metastatic (8.8 mm) and non-metastatic (7.6 mm) nodes 
was only 1.2 mm. This difference may not be enough to discrim-
inate metastatic lymph nodes from non-metastatic ones on pre-
operative imaging modalities or during surgery.

We evaluated 4,525 lymph nodes and compared node size and 
metastatic status to determine how to best discriminate between 
metastatic and non-metastatic lymph nodes. The sensitivity, 
specificity, PPV, and NPV in the present study was 25%, 88%, 
17%, and 92%, respectively, at the 10 mm cutoff point measured 
along the long axis. The sensitivity, specificity, PPV, and NPV 
was 7%, 99%, 40%, and 91%, respectively, at the 10 mm cutoff 
point measured along the short axis. Previous studies compared 
lymph node size and metastatic status using a small number of 
lymph nodes. The results of our study and previous reports are 
summarized in Table 4. The sensitivity and specificity in our 
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study were comparable with those of previous research (sensitiv-
ity, 14%–37%; specificity, 60%–92%) [15-21]. Megibow et al. 
[16] included large number of examined cases (n = 95), and the 
sensitivity, specificity, PPV, and NPV of their study was 37%, 
60%, 47%, and 56%, respectively. The PPV was slightly lower 
but the NPV was higher in our study, possibly because we in-
cluded a large number of lymph nodes. Our study had 91% ac-
curacy rate measured along the short axis in estimating nodal 
metastasis at a 10 mm cutoff point.

In contrast to previous work, we compared the sensitivity, speci-
ficity, accuracy, PPV, and NPV of lymph node size to estimate 
metastasis at several different cutoff points measured along both 
the long and short axis. Recent technical advances in multi-detec-
tor CT scanning allows for reconstructed images at a resolution 
of 2–5 mm thickness [22]. We were able to best discriminate be-
tween metastatic and non-metastatic lymph nodes from ROC 
analyses with a 10 mm cutoff for the short axis diameter. The 
PPV of estimating metastatic lymph nodes was 40% based on 
the ROC analyses. 

In our study, the shrinkage effect after FFPE fixation was 6.8%. 
This suggests that if the long axis of a lymph node is 10 mm af-
ter FFPE tissue, this is equivalent to it being 10.7 mm on imag-
ing modalities. The shrinkage effect of lymph nodes (6.8% and 
7.9% along the long and short axis, respectively) in the present 
study was larger than that of kidney and uterine cervix tissues, 
but smaller than that of other organs in previous studies [24]. 
The shrinkage effect after FFPE varied between 2.7% to 20%, 
depending on the organ [24]. One previous study reported that 
the shrinkage effect of lymph node was 10% when tested with 
5% formaldehyde [14].

We measured lymph nodes along the long and short axis re-
gardless of other aspects of metastatic lymph nodes. Some studies 
measured the short-axis diameter only and used 10 mm as the 
benchmark to diagnose metastasis [16-21], while other studies 
used specifically selected cutoff points, including 5 mm, 15 mm, 

or 20 mm, for diagnosis. We measured lymph node size the same 
way as the previous studies by measuring the short-axis diameter 
and compared size and metastasis at selected cutoff points. In ad-
dition, we also measured lymph node size along the long axis, 
since all pathologic fields use the largest dimension of tumor size. 
The metastatic lymph nodes were best distinguished from non-
metastatic nodes at the cutoff point 10 mm regardless of mea-
suring either long or short axis. However, the performance was 
not good enough. Therefore, preoperative radiologic evaluation 
of metastatic lymph nodes may not be dependable.

In summary, metastatic PDAC lymph nodes are larger than 
non-metastatic ones. Although the metastatic lymph nodes were 
best distinguished from non-metastatic nodes at the cutoff point 
10 mm regardless of measuring either long or short axis, the per-
formance was not good enough. Therefore, nodal size cannot be 
used a surrogate preoperative marker of lymph node metastasis.
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Table 4. Sensitivity, specificity, PPV, NPV, and accuracy of previous studies and the present study

Study
No. of 

patients
No. of lymph 

nodes
Measured 

axis
Cut off point 

(mm)
Sensitivity 

(%)
Specificity 

(%)
PPV (%) NPV (%) Accuracy (%)

Rosch et al. [21] 40 NA Short 10 36 80 7 42 NA
Palazzo et al. [19] 38 NA Short 10 19 92 83 34 42
Muller et al. [17] 22 NA Short 10 20 75 NA NA 50
Megibow et al. [16] 95 NA Short 10–15 37 60 47 56 53
Zeman et al. [20] 26 NA Short 10 NA NA NA NA 58
Midwinter et al. [18] 23 NA Short 10 33 86 60 67 NA
Roche et al. [15] 9 40 Short 10 14 85 17 8 72.5
Our study 200 4,525 Short and long 10 7 99 40 91 91

PPV, positive predictive value; NPV, negative predictive value; NA, not applicable.
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