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FIGURE 4. ROC analysis of prediction of IPMC during follow-up
for IPMN. Area under the ROC curve, 0.865. The optimal
cutoff level for nomogram point to differentiate the low-risk
group from the high-risk group of developing cancercancer was
35 points. It was determined by the point, which showed
equal sensitivity and specificity on the ROC curve. When a score
of 35 points was taken as the cutoff, the sensitivity and
specificity of the nomogram to assess malignancy risk were
87.5% and 96.6%, respectively.

n = 1; invasive, n = 1). Only 7 (5.5%) of 126 patients developed
a malignant disease, assuming that the entire follow-up group
had only benign lesions at the start of the study. Figure 2 sum-
marizes these results.

Prediction of Malignant Transformation
During Follow-Up

Figure 3 shows the details of all patients (including sex,
lesion type, MN height, and pancreatic juice cytology) that were
incorporated into our nomogram at the time of the initial presen-
tation. The nomogram predicted IPMCs with an AUC of 0.865
(Fig. 4). The optimal cutoff point based on the ROC curve was
at point 35, which was the most appropriate, and the nomogram
estimated the cancer risk as 5% with a sensitivity of 87.5% (7/8),
a specificity of 96.6% (114/118), a positive predictive value
of 63.6% (7/11), a negative predictive value (NPV) of 99.1%
(114/115), and an accuracy of 96% (Table 2). One patient with
cancer who scored less than 35 points on the nomogram had
carcinoma in situ without MNs.

Change of the Nomogram Point

The average score of the initial nomogram was 19.8
(range, 0-55), and the average final follow-up nomogram score
was 23.8 (range, 0—109). Figure 5 shows the changing rate of
the nomogram of 18 operated cases. The changing rate of
12 adenoma cases was 37.6% = 41.2% (0%-98%), whereas
the changing rate of 6 carcinoma cases were 36.2% * 32.7%
(0%~92.3%), without significant difference (P = 0.939) be-
tween the 2 groups.
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DISCUSSION

Intraductal papillary mucinous neoplasms are proliferative
and mucin-producing epithelial lesions that gradually progress
from adenoma to carcinoma in situ and eventually to an invasive
carcinoma.! Protocols for scheduling resection and follow-up
have not been established because the progression profiles of
these lesions are unclear. The 2010 consensus agreement rec-
ommended developing follow-up strategies based on cyst size,>”
but this recommendation remains debatable. Many studies have
suggested MN height as the most suitable morphological pa-
rameter for assessing malignancy,*’-!> whereas others have
demonstrated that a large cyst diameter is a sign of malignancy
in BD-IPMN.!'6-18 [n contrast, Sadakari et al'® reported that
8.2% of IPMNs progress to malignancy despite the absence of
MNs. Basing management strategies on a single parameter might
be inappropriate, whereas nomograms that take multiple factors
into consideration should predict malignant progression more
reliably and lead to the development of strategies that are more
precisely tailored to the needs of individual patients.

We created a cancer prediction nomogram for patients who
have undergone an IPMN resection. This nomogram based on
the significant predictive factors of sex, lesion type, nodule
height, and pancreatic juice cytology data provided an excellent
cancer prediction capability with an AUC of 0.903.'% Here, we
validated this nomogram in a cohort of patients with IPMN who
underwent follow-up during a relatively long period (=3 years)
at our institute. The outcome of this study was also excellent
(positive predictive value, 63.6%; NPV, 99.1%: accuracy, 96%
for development of malignancy) at a cutoff score of 35 that
was equivalent to a 5% probability of developing cancer. When
we define a score of 35 or higher as high risk and a score of
less than 35 as low risk, the low-risk group (scores of <35) indi-
cated an extremely low risk of developing IPMN-derived cancer
during the follow-up period of 5 years (NPV, 99.1%) and the
high-risk group (scores of >35) indicated a high risk of deve-
loping an IPMN-associated carcinoma, with 87.5% of patients
having an IPMC at a follow-up of more than 3 years. Based
on these results, we recommend a follow-up assessment every
6 months for scores of 35 or higher and annually for those with
less than 35, depending on the patient’s status. Patients with [IPMN
are at increased risk not only for cancer derived from these lesions,
but also for ductal adenocarcinoma (1.9%-~8.0%).>20-22 Hence,
even with low-risk scores of less than 35, we recommend at
least an annual follow-up. Notably, one of our patients with a
score of 0 at initial testing developed carcinoma in situ without
detectable MNs 6 years after the first follow-up. In the present
study, ERP cytology was the only method that could detect ma-
lignancy for these cases with no MNs. It has also been reported
that ERP juice cytology examination alone might be ineffective
because of its low sensitivity.”*** Therefore, ERP cytology
should be augmented with other risk assessment tools such as

TABLE 2. Diagnostic Yield of Nomogram: Benign
Versus Malignant

Final

Nomogram Malignant Benign Total
Positive (n = 11) 7(TP) 4 (FP) 11

Negative (n = 115) L (FN) 114 (TN) 115

Total 8 118 126

FN indicates false negative: FP. false positive; TN. True negative: TP,
true positive.
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FIGURE 5. Change of the nomogram point. The changing rate of nomogram of 18 operated cases. It shows the initial nomogram
pointin the left, and the final follow-up nomogram point is shown in the right side. The solid line in the patients indicates cancer, a broken
line indicates adenoma. The changing rate of the 12 adenoma cases was 37.6% + 41.2% (0%-98%), whereas the changing rate of
the 6 carcinoma cases were 36.2% = 32.7% (0%-92.3%). There was no significant difference (P = 0.939) between the 2 groups.

nomograms to improve the probability of accurate cancer pre-
diction and develop more appropriate management strategies.
Thus, we recommend the use of both ERP cytology and our
nomogram for the follow-up of IPMNs when the sizes of cysts
or MPDs increase in the absence of detectable MNGs.

Here, we described the ability of our nomogram to predict
IPMN malignancy and showed that it can play a significant role
in developing follow-up strategies. Our results indicated that
an annual follow-up would be appropriate for scores of less
than 35, indicating an extremely low risk of cancer developing
within at least 3 years (NPV, 99.1%). Meanwhile, a 3- to 6-month
close follow-up would be recommended for scores of 35 or
higher, indicating a high potential for malignant transformation
(87.5% from our data). The main strength of this nomogram
used for follow-up is identifying patients who are at a very low
risk of developing cancer and who would benefit from less fre-
quent surveillance rather than trying to identify patients who are
at intermediate or high risk of developing cancer.

Because of the retrospective nature of our study design, we
plan to prospectively validate the applicability of our model to
designing management strategies for [PMN lesions.

In conclusion, we can consider our nomogram as a valid
model to predict malignancy in patients with [PMN and our
findings can suggest that the follow-up schedule for patients
at high and low risk for cancer progression should be every
3 to 6 months and 12 months, respectively.
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Patients who are scheduled to undergo
pancreaticoduodenectomy
(Age of at least 20 years and older )

v

Balancing variables :
Primary disease

The institution

Randomization (1 : 1)

The presence of preoperative therapy
The presence of pylorus ring of in the remnant stomach
The presence of enteral alimentation

g

AmA | (n=110)

!

Arm B (n=110)

TJ -100 group

TJ-100 15 g/day from preoperative day
3 to postoperative day 14

Placebo 15 g/day from preoperative day

Placebo group

3 1o postoperative day 14
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