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patients. Median duration to recurrence after resection was
312 days (95% confidence interval [CT], 260-364 days).

Assessment of Initial Recurrence

Initial recurrence was diagnosed based on cytology in 4
patients and CT in 69 patients. Cytology revealed the presence
of IDC of the pancreas in ascites of 2 patients and pleural
effusion in 2 patients, and date of initial recurrence date was
determined as the puncture date on the basis of cytology
reports. Computed tomography was performed using a helical
CT scanner (X-Vigor Laudator; Toshiba Medical, Tokyo,
Japan). All helical CT scans were performed concomitantly
with dynamic studies. Tumor recurrence on CT examination
was defined as abnormal and/or increasing tissue or nodules
depicted in the portal phase scanned 60 to 70 seconds after
the start of contrast media administration. Date of initial re-
currence was determined as the day when CT examination
contributing to the confirmed diagnosis of the recurrence was
performed. One author (S.M.) reviewed all CT reports and
images and evaluated CT findings. According to CT review, 43
patients displayed local recurrence defined as locoregional
recurrence, including lymph node metastases, 39 patients had
hepatic metastases, and 10 patients showed peritoneal dissem-
ination diagnosed as metastatic peritoneal nodules.

Clinical Parameters

The following clinical parameters at initial recurrence
were evaluated (Table 1): (1) age; (2) sex; (3) operative
method; (4) Eastern Cooperative Oncology Group perfor-
mance status (PS)®; (5) weight loss ratio, calculated as (100 x
[body weight at initial operation — body weight at recurrent]/
body weight at initial operation); (6) blood level of
hemoglobin (Hgb); (7) blood platelet count (Plt); (8) serum
level of total bilirubin (T.Bil); (9) serum level of albumin
(Alb); (10) serum level of total cholesterol (T.cho); (11) serum
level of pseudo-cholinesterase (ChE); (12) serum level of
carcinoembryonic antigen (CEA); (13) serum level of car-
bohydrate antigen (CA) 19-9; (14) ascites confirmed on CT;
and (15) site of initial recurrence. These 15 parameters were
classified to 2 or more categories according to usual status,
mean valu% or reported values, as quoted from reports by
Scott et al,” Gianotti et al,? and Tas et al,’ National Cancer
Institution—Common Toxicity Criteria (NCI-CTC) version
2.0,'" and Child classification'" for analysis of clinical prog-
nostic factors (summarized in Table 2). All clinical data were
obtained within 2 weeks from date of initial recurrence.

Histological Parameters

The only material appropriate for evaluating histological
findings as to the invasiveness of the entire tumor is from
primary tumor in pancreatic IDC because surgical treatment
for metastatic or recurrent pancreatic IDC is not usually
performed. The resected specimen of primary pancreatic IDC
was thus evaluated histologically. Methods of the histological
examination have been described in our previous report.”
Briefly, pathological diagnosis and findings were evaluated
and confirmed by 2 authors (S.M. and T.H.). Pathological
parameters were categorized as follows: (1) tumor size (<3.0
or >3.0 c¢m), (2) predominant differentiation of tumor (well/
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TABLE 1. Patient Characteristics at Initial Recurrence After
Curative Resection for IDC of the Pancreas

Age (median/range), yrs 62/25-81
Sex (male/female), n 41232
Operation (PDYDP), n 55/18

PS (0V1/273), n 331916
Ascites (absent/present), n 50,23
Weight loss ratio (mean [95% CT]), % 58(33-83)
Hgb (mean [95% CI]), g/dL 111 (10.6-11.5)
Plate (mean [95% CIJ), x 10*/dL 21.3 (19.0-23.6)
T.Bil (mean [95% CI]), mg/dL 0.9 (0.7-1.2)
Alb (mean [95% CI]), g/dL 315(34-3.6)

T.cho (mean [95% CI]), IL/mL

ChE {mean [95% CT)), TU/dL

CEA (mean [95% CI]), ng/mL
CA19-9 (mean [95% CI]), U/mL
Duration to recurrence (d)

Diagnostic modality for recurrence (n)

150.2 (140.6-160.0)
205.0 (188.8-221.3)
383 (142-624)
2945.5 (570.3-5320.8)
311.7 (259.5-363.9)

cT 69

Cytology 4
Initial recurrent site (n)

Local recurrence 43

Liver metastasis 39

Peritoneal dissemination 12
Initial therapy for recurrence (n)

Chemotherapy 22

Radiotherapy 6

Resection 6

Palliative therapy 39

Weight loss mtio was calculated as 100 x (body weight at initial operation — body
weight at recurrence)/body weight at initial operation. Palliative therpy meant best
support care, and the patients with palliative therapy did not receive any antitumor
treatments.

moderately or poorly differentiated), (3) least differentiation of
tumor (well/moderately or poorly differentiated), (4) retro-
peritoneal invasion (0/1 or 2/3), (5) lymphatic invasion (0/1 or
2/3), (6) vascular invasion (0/1 or 2/3), (7) intrapancreatic
neural invasion (0/1 or 2/3), (8) Japanese pathological N
category (JpN) (JpNO/1/2 or JpN3).'2 (9) International Union
Against Cancer (UICC) pathological T category (pT) (pT1/2
or pT3)," (10) UICC pathological stage (UICC pStage; IA/IB/
ITA or IIB/IV),"* (11) tumor necrosis (absent or present),” (12)
nerve plexus invasion (absent or present), (13) fibrotic focus
(absent or present),” (14) UICC pathological N category (pN)
(pNO or pN1),"* and (15) UICC R classification (RO or R1)."
The above categorizations of 15 pathological factors reflected
prognostic impact in our previous study.” Predominant and
least differentiation were estimated according to World Health
Organization classifications."* Retroperitoneal invasion, lym-
phatic invasion, vascular invasion, and intrapancreatic neural
invasion were classified into 0, 1, 2, and 3 according to the
following: 0, not observed; 1, slightly seen; 2, occasionally
seen; and 3, frequently seen.

Statistical Analysis

Survival was calculated from the date of initial recur-
rence. Median duration of follow-up was 1921 days (95%
Cl, 1670-2283 days). Parameters with 3 or more grades such
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TABLE 2. Summary of Categories Tested to Determine Cutoffs for Predicting Prognosis in Each Clinical Parameter

Parameter Tested Category Reference for Tested Category

Age (yrs) <62, =62 Mean value

Sex Male, female

Operation PD, DP

PS 0,0-1,0-3, 1-2,3

Asciles Absent, Present

Weight loss ratio (%) <0, 0 to <5, 5 to <10, 210 Gianotti et al,* Scott et al’

Hgb (g/dL) <8.0, 8.0 to <10.0, 10,0 to <120, 212.0 Tas et al,’ NCI-CTC version 2.0'"

Plt (< 10%/dL) <10.0, 10.0 to <15.0, 15.0 to <40.0, >40.0 NCI-CTC version 2.0'%; upper limit of normal value;
lower limit of normal value

T.Bil (mg/dL) <12, 1.2t0 <2.0,22.0 Upper limit of normal value; Child classification''

Alb (g/dL) <2.0,2.010<3.0, 3.0 10 <3.5,23.5 NCI-CTC version 2.0'%; Child classification''

T.echo (TU/mL) <100, 100 to <150, 150 to <200, =200 Mean value; mean value £50

ChE (IU/dL) <150, 150 to <200, 200 to <250, >250 Mean value; mean value +50

CEA (ng/mL) <5, 5 to <10, 10 to <40, 40 to <100, =100 Upper limit of normal value; 2 upper limit of
normal value; mean value; 100

CA19-9 (U/mL) <38, 38 to <100, 100 to <500, 500 to <1000, Upper limit of normal value; mean value; 100; 500;

1000 to <3000, 3000 to <10,000, >10,000 1000; 10,000
Duration to recurrence (d) <180, =180 Mean value
Peritoneal dissemination Absent, present

Weight loss ratio was calculuted as 100 » (body weight at initial operation — body weight at recurrencebody weight at initial operation.

as PS were classified into 2 groups according to the signifi-
cant cutoff to assign patient survival data using the log-rank
test (significant cutoff shown in Table 3). Clinical parameters
that significantly associated with survival rates in univariate
analyses were further analyzed together in multivariate ana-
lyses using the Cox proportional hazard regression model to
identify independent clinical prognostic parameters. Survival

TABLE 3. Univariate Analyses and Survival Outcome in Patients
With Recurrence Who Underwent Curative Resection for IDC
of the Pancreas

Parameter Category P

Age (yrs) <62/>62 0.859
Sex Male/female 0.986
Operation PD/DP 0.092
PS 0, 172, 3* <0.001
Ascites Absent/present® 0.002
Weight loss ratio (%) <00 0.555
Hgb (g/dL) <12.0/212.0 0.004
Plt (x 10%dL) <10.0*>10.0 0.015
T.Bil (mg/dL) <l.2/z1.2* 0.031
Alb (g/dL) <3,5%/23.5 0.003
T.cho (IU/mL) <150*/2150 0.013
ChE (IU/dL) <200%/2200 <0.001
CEA (ng/mL) <40/240* <0.001
CA19-9 (U/mL) <100/=100* 0.003
Duration to recurrence (d) <|80/~180 0.515
Peritoneal dissemination Absent/present® <0.001

Weight loss ratio was calculated as 100 » (body weight at initial operation — body
weight at recurrence)body weight at initial operation.

*Factor displayed signifi prognostic impact in univari lysis and was used
for multivariate analysis in Table 4, Univaniate analysis was performed using the log-rank
test, Level of significance was set at P < 0,05,
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curves were drawn using the Kaplan-Meier method. To in-
vestigate relationships between important clinical parameters
and histological findings, the frequency of patients with each
important clinical prognostic factor was calculated for each
pathological parameter and evaluated using Fisher exact test.
Noncategorical data were compared using a 2-tailed Student
t test. Values of P < 0.05 were considered statistically sig-
nificant. All analyses were performed using Statview-I 5.0
software, Windows version (SAS, Cary, NC).

RESULTS

Patient Characteristics

Clinical data for 73 pancreatic IDC patients at initial
recurrence are summarized in Table 1. Performance status 3
was present in 22% of patients. Weight loss was observed
in 77% of patients, and mean weight loss ratio was 5.8%.
No obvious jaundice was observed, and mean T.Bil was
0.9 mg/dL. Local recurrence, liver metastasis, and peritoneal
dissemination were identified in 43, 39, and 12 patients,
respectively, Chemotherapy (30%) and palliation (53%) were
mainly chosen for the treatment of initial recurrence.

Survival and Prognostic Factors

The cumulative survival curve after initial recurrence is
shown in Figure 1A. Median survival time and I-year
cumulative survival rate were 140 days and 22%, respectively.
Univariate analysis produced the following candidates for
predicting prognosis: PS, ascites, Hgb, Plit, T.Bil, Alb, ChE,
CEA, CA19-9, and peritoneal dissemination (Table 3).
Multivariate analysis (Table 4) revealed the following
independent prognostic factors: PS, 2 or 3 (n = 35; hazard
ratio [HR], 2.2; P = 0.007); ChE less than 200 IU/dL (n = 35;
HR, 3.2; P < 0.001) (Fig. 1B); CEA, 40 ng/mL or greater
(n=10; HR, 2.7; P = 0.026); CA19-9 greater than 100 U/mL
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FIGURE 1. Survival curves after initial recurrence. A, Survival
curve for all patients, B, Survival curve assigned by serum ChE
level. Prognosis was significantly worse in patients with low
ChE than in those with high ChE levels. C, Survival curve
assigned by serum CA19-9 level. Survival was significantly
shorter in patients with high CA19-9 than in those with

low CA19-9 levels, Values of P < 0.05 were considered
statistically significant.
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TABLE 4. Multivariate Analyses in Patients With Recurrence
Who Underwent Curative Resection for IDC of the Pancreas

Parameter Tested Factor N HR 95% C1 P
Ps 23 33 22 12439 0.007
ChE (TU/ML) <200 35 32 17-61 <0.001
CEA (ng/mL) 240 10 27 1L1-64 0.026
CA199 (U/mL) z100 52 19 1036 0.038
Peritoneal dissemination Present 12 50 2.1-11.6 <0.001
Group without peritoneal dissemination

ChE (TU/dL) <200 26 35 1869 <0001

CA19-9 (U/mL) =100 4 28 1455 0.003

Multivariate analysis was performed using the Cox hazard regression model. Level
of significance was set at P < 0,05,

(n = 52; HR, 1.9; P = 0.038) (Fig. 1C); and pertoneal
dissemination (n = 12; HR, 5.0; P < 0.001). Peritoneal
dissemination is a parameter predictive of poor prognosis
in general, and prognostic factors in patients without
peritoneal dissemination are also important. Additional multi-
variate analysis was therefore performed in patients with-
out peritoneal dissemination, demonstrating that ChE less
than 200 TU/dL (n = 26; HR, 3.5; P < 0.001) and CA19-9
100 U/mL or greater (n = 44; HR, 2.8; P = 0.003) showed
independent prognostic value from peritoneal dissemination
(Table 4).

Correlation Between Clinical Parameters
and Histological Findings

Patients showing nerve plexus invasion in primary
tumors displayed ChE less than 200 IU/L (65% vs 35%;
P=10.031) and CA 19-9 100 U/mL or greater (74% vs 26%;
P = 0,003) at initial recurrence significantly more frequently
than patients without plexus invasion (Table 5). No other
histological factors showed significant associations with ChE
and CA 19-9. Furthermore, patients with nerve plexus invasion
showed significantly lower ChE levels than patients without
nerve plexus invasion (mean, 180 vs 219 [U/dL; P = 0.023;
Table 6), but CA19-9 levels did not differ significantly
between patients with and without nerve plexus invasion
(mean, 2166 vs 3377 U/dL; P = 0.630; Table 6). In the view
of other clinical data, the patients with nerve plexus invasion
in primary tumor showed anemia significantly (P = 0.030;
Table 6). On the basis of these results, only nerve plexus
invasion as a histological factor of primary tumor correlated
with the important clinical factor of ChE at initial recurrence.

Clinical Characteristics of Patients With
Lower ChE

To identify patient characteristics associated with ChE
less than 200 IU/L, clinical data were compared between
patients with serum ChE level at initial recurrence less than
200 or greater than or equal to 200 IU/dL (Table 7).
Surprisingly, patients with ChE less than 200 TU/dL showed
significant cachexia compared with patients with ChE 200
IU/dL or greater as follows: poor performance status
(mean PS, 2.1 vs 1.2; P <0.001), anemia (mean Hgb, 10.2
vs 1 1.9 g/dL; P < 0.001), hypoalbuminemia (mean Alb, 3.1 vs
3.9; P < 0.001), hypocholesterolemia (mean T.cho, 1254 vs
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TABLE 5. Correlation Between Pathological Factors and Independent Clinical Prognostic Factors in Patients With Recurrence After

Curative Resection for IDC of the Pancreas

CA19-9 (U/mL) ChE (TU/dL)

Pathological Parameter Category <100 =100 P <200 2200 P

Tumor size (cm) <3.0/>3.0 12/9 21131 0.207 15/20 18/20 0.815
Predominant differentiation Well, mod/poor 16/5 48/4 0.109 314 335 >0.999
Least differentiation Well, mod/poor 129 27125 0.797 21/14 18720 0.350
Retroperitoneal invasion 0,1/2,3 5/6 25127 0.069 13722 17721 0.635
Lymph vessel invasion 0,172,3 15/6 3913 0.774 2510 299 0.790
Blood vessel invasion 0,12,3 219 6/46 >0.999 629 236 0.142
Intrap ic neural i 0, 12,3 5/16 1537 0.777 926 127 0.798
Nerve plexus invasion Absent/present 1972 2824 0.003 1817 29/9 0.031
JpN JpNO, 1/JpN2, 3 16/5 39/13 >0.999 2510 3078 0.588
UIcC pT 1,23 219 2/50 0.574 0/35 434 0.116
UICC pN ol 219 9/43 0.494 431 7131 0.519
UICC pStage <IlA/=ITB 1720 B/d44 0.432 332 6/32 0.483
UICCR RO/R1 17/4 439 >0.999 296 nn =0.999
Tumor necrosis Absent/present 1477 3319 >0.999 22/13 25/13 0.812
Fibrotic focus Absent/present 813 21/31 >0.999 16/19 13125 0.347

Ci ical analysis was p d using Fisher exact test. Level of significance was set at P < 0.05.

IpN indicates tlmlﬂwlm of lymph node metastasis sccording to Japan Pancreas Society crilenia; JpNO/JpN 1/IpN2/JpN3, parameters showing the mnge of lymph node metastasis
according to classifications of the Japanese Pancreas Socmy mod, modormlr differentiated; poor, poorly differentiated; UICC, classification according to International Union Against

Cancer crteria; 0, none; 1, slightly seen; 2, i seen; 3, fi

ly seen; well, well differentiated.

173.2 IU/mL), and ascites (70% vs 30%; P = 0.025) (Table 6).
Elevation of bilirubin and a high frequency of liver metasta-
sis were not associated with ChE less than 200 TU/dL.

Clinical and Histological Characteristics
in Patients With Liver Metastasis

Serum ChE is synthesized in and released from the liver.
The serum level of ChE may be affected by liver metastasis. To
evaluate the association between serum ChE and liver
metastasis, the distribution of clinical parameters at initial

recurrence was analyzed according to the presence of liver
metastasis (Table 8). Hepatic metastasis is common distant
spreading manner of pancreatic cancer, and the associated
histological factors with hepatic metastasis may be useful
information for clinicians to predict clinical course and choose
the treatment. Therefore, the distribution of histological find-
ings of primary tumor was analyzed according to the pres-
ence of liver metastasis in addition (Table 8). Large tumor
size (P = 0.010), poor differentiation on least differentiation
of tumor (P = 0.002) and the presence of tumor necrosis

TABLE 6. Distribution of Clinical Parameters at Initial Recurrence According to the Presence of Nerve Plexus Invasion

in Primary Tumor

Nerve Plexus Invasion in Primary Tumor

Parameter Category Absent Present P

PS Mean (95% CI) 1.62 (1.39-1.86) 1.48 (1.0-1.9) 0.520
Hgb (g/dL) Mean (95% CI) 11.5(10.9-12.0) 104 (9.7-11.1) 0.030
Plt (x10%dL) Mean (95% CI) 21.4 (18.6-24.2) 21.1 (17.1-25.1) 0.883
T.Bil (mg/dL) Mean (95% CI) 1.0 (0.6-1.3) 0.8 (0.6-1.1) 0.645
Alb (g/dL) Mean (95% CI) 3.6 3.4-3.7) 3.4 (3.1-3.6) 0.216
T.cho (TU/mL) Mean (95% CI) 152.9 (140.7-165.0) 145.5 (128.5-162.6) 0473
ChE (IU/dL) Mean (95% CI) 218.7 (197.9-239.5) 180.3 (155.6-205.0) 0.023
CEA (ng/mIL) Mean (95% CI) 25.0 (2.547.6) 62.3 (6.7-117.9) 0.141
CA19-9 (U/mL) Mean (95% CI) 3376.7 (—286.0 to 7039.3) 2166.1 (816.0-3516.3) 0.630
Weight loss ratio (%) Mean (95% CI) 6.7(4.1-94) 45(—081098) 0.403
Duration to recurrence (d) Mean (95% CI) 330.6 (257.0-404.1) 277.6 (211.6-343.6) 0.336
Ascites (n) Absent/present 3314 179 0.794
Local recurrence (n) Absent/present 2225 8/18 0.220
Liver metastasis (n) Absent/present 2324 11/15 0.631
Pentoneal dissemination (n) Absent/present 407 21/5 0.744

Weight loss ratio was calculated as 100 x (body weight at initial operation — body weight ut recurrence)body weight at initial operation. Analysis was performed using 2-tailed

Student  test or Fisher exact test. Level of significance was set at £ < 0.05,
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TABLE 7. Patient Characteristics Classified According to Serum Cholinesterase Level

Parameter ChE <200 (1U/dL) ChE 2200 (IU/dL) P
Ps Mean (95% CI) 21 (1.7-24) 1.2(1.0-15) <0.001
Hgb (g/dL) Mean (95% CI) 10.2 (9.5-10.9) 11.9(11.5-12.4) <0.001
Pit (= 104/7dL) Mean (95% CI) 19.6 (16.0-23.2) 22.9 (20,1-25.7) 0.145
TBil (mg/dL) Mean (95% CI) 1.1 (0.7-1.4) 0.8 (04-1.1) 0.235
Alb (g/dL) Mean (95% CI) 31 (29-32) 39(3.8-4.0) <0.001
T.cho (TU/mL) Mean (95% CT) 125.4 (113.8-137.0) 173.2 (161.9-184.5) <0001
ChE (Tu/dL) Mean (95% CT) 146.3 (135.8-156.8) 259.2 (243.4-275.0)

CEA (ng/ml) Mean (95% CI) 41.6 (9.0-74.1) 353(-14w72.1) 0.798
CA19-9 (U/mL) Mean (95% CI) 2639.6 (974.8-4304.3) 3227.3(=1181.6 10 7636.3) 0.807
Weight loss ratio (%) Mean (95% CI) 62 (2.0-10.4) 55(2.2-8.9) 0.809
Duration to recurmence (d) Mean (95% CI) 328.4 (247.9-408.9) 206.3 (225.6-367.1) 0.544
Ascites (n) Absent/present 19/16 n 0.025
Local recurrence (n) Absent/present 1273 1820 0.351
Liver metastasis (n) Absent/present 19416 15723 0.168
Peritoneal dissemination (n) Absent/present 26M asn3 0.065

Weight loss ratio was calculated as 100 x (body weight wt initial operation — body weight st recurrence)/body weight at initial operation. Analysis was performed using 2-talled

Student 1 test or Fisher exact test. Level of significance was set at £ < 0.05.

(P = 0.015) in histological findings of primary tumor and
high serum CEA level (P = 0.012), and short duration to
recurrence (P = 0.004) in clinical parameters of initial
recurrence were significantly associated with the presence of
liver metastasis. Serum ChE level was not affected by the
presence of liver metastasis significantly.

DISCUSSION

Low serum level of ChE at initial recurrence after
resection was identified as an important clinical prognostic
factor of pancreatic IDC in this study. The prognostic impact
of serum ChE level has been reported in patients with liver
cirrhosis'® and advanced solid cancer.'® In the present study,
the prognostic value of serum ChE level was identified through
multivariate analysis using all patients. In further multivariate
analysis using patients without peritoneal dissemination,
serum ChE level maintained its prognostic value. The
prognostic power of serum ChE level was thus validated
through 2 multivariate analyses in this study. Cholinesterase
is formed in the liver and released into plasma immediately
after synthesis.'” Serum ChE level shows good correlation to
Child-Pugh score,' a superior index of liver function.'® Low
serum level of ChE is thus regarded as indicative of hepatic
impairment.'>!” Significant characteristics of patients with
low serum level of ChE at initial recurrence were worsened PS,
anemia, hypoalbuminemia, hypocholesterolemia, and the
presence of ascites. Because low serum level of ChE is
associated with low functional state of the liver,'*'” hepatic
impairment might result in hypoalbuminemia, hypocholester-
olemia, and the presence of ascites. Worsened PS' and
anemia’ have been reported as prognostic factors in patients
with advanced cancer and are prevalent in patients with cancer
cachexia.”'® Hypoalbuminemia is also indicated as a char-
acteristic of cancer cachexia.'® Conversely, body weight loss
is an important finding in cancer cachexia'” and was not a
significant finding in our patients with low serum levels of
ChE. These data might mean that body weight loss seems
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subsequent to worsened PS, anemia, hypoalbuminemia, and
low serum levels of ChE. If body weight loss is necessary to
fulfil the criteria for cancer cachexia and appears in more
advanced states of disease progression, this study might
indicate serum levels of ChE as a sensitive marker of cancer
cachexia. Cholinesterase and the associated factors with low
serum ChE level, PS, Hgb, Alb, and T.cho are the index of
malnutrition. Cholinesterase shows the strongest predictive
power of prognosis in nutritional parameters. This result may
indicate that life-threatened nutritional factor is a hepatic
impairment that is well indexed by ChE. This hypothesis needs
further clinical and experimental studies to evaluate liver
function, hematogenesis, digestive absorption, and appetite
in pancreatic cancer patients, to find the molecule resulting
in abnormality of hepatocyte function, and to reveal ChE as
the most sensitive marker to abnormal hepatocyte.

A significant correlation was identified between nerve
plexus invasion by the primary tumor and low serum ChE
level in this study. Nerve plexus invasion is a common
behavior of primary pancreatic IDC and has been identified as
an important prognostic factor in our own™'? and other
studies.”” When nerve plexus invasion at initial recurrence is
mentioned, 2 important issues should be clarified: (1) the
presence of nerve plexus invasion at initial recurrence and (2)
alteration of tumor characteristics from primary tumor to
tumor recurrence. First, whether nerve plexus invasion exists
at initial recurrence after resection is important. According to
recent reports, nerve plexus invasion is observed in 79% of
autopsies for patients who died of recurrence after resection
for pancreatic IDC.?' Median survival after initial recurrence
was 4.7 months in this study compared with 3 to 7 months in
another study.’” In the very short duration between initial
recurrence and death, some discrepancies may exist between
frequency of nerve invasion at autopsy and at initial
recurrence. We thus suspect that nerve plexus invasion is
prevalent at initial recurrence after resection, appearing in up
to almost 80% of patients according to Hishinuma et al?!
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TABLE 8. Distribution of Clinical and Histological Parameters According to the Presence of Liver Metastasis

Liver Metastasis at Initial Recurrence

Parameter Category Absent Present P

Histological in primary tumor
Tumeor size (cm) <3.0~3.0 2113 1227 0.010
Predi diff Well, mod/poor n nn 0.162
Least differentiation Well, mod/poor 25/9 14725 0.002
Retroperitoneal invasion 0,1/2,3 13721 17722 0.812
Lymph vessel invasion 0,172,3 28/6 26/13 0.182
Blood vessel invasion 0,172,3 6/28 2437 0.135
Intrapancreatic neural invasion 0, 1/2,3 826 12127 0.602
Nerve plexus invasion Absent/present 23/11 24/15 0.631
IpN IpNO, 1/JpNZ, 3 24/10 3R 0424
UICC pT pT1, 2/pT3 4/57 iz =0.999
UICC pN pNO/pNI1 5729 6/33 >0.999
UICC pStage <llA=11B 430 534 >0.999
UICC R ROR1 28/6 n >0.999
Tumor necrosis Absent/present 21 20019 0.015
Fibrotic focus Absent/present 18/16 1128 0.054

Clinical at initial recurrence
Ps Mean (95% CI) 1.7 (1.3-2.0) 1.5(1.2-1.8) 0.462
Hgb (g/dL) Mean (95% CI) 111 (10.5-11.8) 11 (10.4-11.7) 0.921
Plt (% 104/dL) Mean (95% CI) 20.2 (16.4-24.0) 223 (19.5-25.1) 0.348
T.Bil (mg/dL) Mean (95% CI) 1.1 (0.6-1.6) 0.8 (0.6-0.9) 0.261
Alb (g/dL) Mean (95% CT) 3153237 36 (3437 0.463
T.cho (TU/mL) Mean (95% CT) 144.3 (130.0-158.6) 155.5 (142.0-169.0) 0.251
ChE (TU/dL) Mean (95% CT) 197.8 (175.6-220.0) 211.3 (187.1-235.6) 0.411
CEA (ng/mL) Mean (95% CI) 6.1 (3.6-8.7) 66.4 (22.4-1104) 0.012
CA19-9 (U/mL) Mean (95% CI) 555.5 (—61.8 10 1172.8) 5029.1 (630.9-9427.3) 0.061
Weight loss ratio (%) Mean (95% CT) 6.7(2.4-11.2) 5.2 (2.0-8.3) 0.541
Duration to recurrence (d) Mean (95% CT) 391.2 (312.2-470.2) 242.4 (177.9-307.0) 0.004
Asciles (n) Ahsent/present 2410 26/13 0.803

Weight loss ratio was calculated as 100 » (body weight at initial operation — body weight at recurrence)/body weight at initial operation. Analysis was performed using 2-tailed

Student 1 test or Fisher exact test. Level of significance was set at P < 0,05,

JpN indicates classification of lymph node metastasis according to Japan Pancreas Society criteria; JpNOJpN1/JpN2/pN3, parameters showing the range of lymph node metastasis
according to classifications of the Japanese Pancreas Society; mod, moderately differentiated; poor, poorly differentiated; UICC, classification sccording to International Union Against

Cancer criteria; 0, none; 1, slightly seen; 2, ionally seen; 3, freq:

Iy seen; well, well differentiated.

Another important problem that should be described is the
alteration of tumor characteristics between primary and
recurrent tumor. Tumor cells evolve through a process
analogous to Darwinian natural selection aided by genetic
instability, resulting in the acquisition of growth advantages,
and clonal progression of selected tumor cells contributes to
tumor development.” Primary pancreatic IDCs evolve until
clinical recurrence and are expected to possess a high ability
for nerve invasion at initial recurrence compared with that at
resection. Patients with nerve plexus invasion in primary
tumor might thus display more severe nerve invasion at initial
recurrence compared with patients without nerve plexus
invasion in primary tumor. On the basis of this context, a
significant relationship may exist between severe nerve
invasion and low functional state of the liver. Mechanisms
underlying such a relationship are unknown, Anatomically,
the pancreatic nerve plexus is a part of a neural network
connecting the spine and abdominal organs, and this network
innervates the liver.®* Sympathetic and parasympathetic
hepatic nerve reportedly regulate hepatocyte metabolism.

© 2008 Lippincort Williams & Wilkins

Carreno and Seelaender®® showed that liver denervation led
the reduction of liver noradrenergic nerve, hepatic noradrena-
lin, hepatocyte mitochondnial fatty acid transport capacity, and
fatty acid oxidation. In the view of the above reports, it is
possible that the modulated hepatic nerve by nerve invasion via
neural network changes hepatocyte metabolism. Low serum
ChE level may indicate abnormal hepatic metabolism itself
or hepatocyte impairment due to chronic abnormal hepatic
metabolism. Relationships between nerve invasion and altera-
tion of hepatic function may be a good target for further study.

Patients with peritoneal dissemination in pancreatic
IDC show extremely poor prognosis, and survival time is
reportedly 30 days or less.?” This study revealed peritoneal
dissemination as an important prognostic factor through
multivariate analysis using all patients, When multivanate
analysis was performed using patients without peritoneal
dissemination, independent prognostic factors were high serum
level of CA19-9 and low serum level of ChE. Carbohydrate
antigen 19-9 has been reported as an important prognostic
factor in previous studies.”**® Although the frequency of
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patients with high serum level of CA19-9 level was
significantly higher in patients with nerve plexus invasion of
the primary tumor, mean CA19-9 level of patients with nerve
plexus invasion was not significantly higher than that of
patients without nerve plexus invasion. Carbohydrate antigen
19-9 level at initial recurrence was thus not significantly
associated with histological factors in the primary tumor.

In summary, this study found that (1) peritoneal
dissemination, low serum levels of ChE, and high serum
levels of CA19-9 are important prognostic factors at initial
recurrence after macroscopic resection for pancreatic IDC; (2)
patients with low serum levels of ChE show a cachexia-like
systemic condition; and (3) nerve plexus invasion and low
serum levels of ChE at initial recurrence are significantly
associated. This study may indicate an association between
nerve invasion and hepatic impairment, and such a relation-
ship warrants further study.
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Abstract

Two cases of a focal type of autoimmune pancreatitis (AIP)
with distinct double mass lesions within the pancreas are
described. In both patients, computed tomography (CT)
showed localized pancreatic masses with delayed enhance-
ment, and magnetic resonance cholangiopancreatography
(MRCP) revealed localized stenoses of the main pancreatic
duct (MPD) with mild upstream dilatation. Fluorodeoxyglu-
cose positron emission tomography (FDG-PET) examination,
performed in one patient, showed intense uptake concordant
with tumors. Both patients received pancreatic resection with
a presumptive diagnosis of pancreatic carcinoma. Histologic
evaluation of the tumors showed marked lymphoplasmacytic
infiltration and fibrosis around the large and medium pancre-
atic ducts, without any evidence of malignancy. Serum IgG4
concentration, measured postoperatively, was elevated in both
patients. The characteristic morphological features of AIP are
diffuse swelling of the pancreatic parenchyma and diffuse
narrowing of the MPD. Recently, a focal type of AIP, which
mimics pancreatic carcinoma, has been recognized. Consider-
ing the favorable response of AIP to steroid therapy, it is
clinically important to differentiate the focal type of AIP from
pancreatic carcinoma and to know that AIP sometimes exhib-
its multiple lesions within the pancreas.

Key words Autoimmune pancreatitis -+ Multifocal lesions -
1gG4 staining

Introduction

Autoimmune pancreatitis (AIP) is a unique form of
chronic pancreatitis associated with an autoimmune
inflammatory process.' Although diffuse swelling of the
pancreatic parenchyma and diffuse irregular narrowing
of the pancreatic duct system are morphologically char-

Offprint requests to: T. Kinoshita
Received: May 29, 2007 / Accepied: July 13, 2007

acteristic of AIP, a focal t?rpe of this clinical entity has
been recently recognized.”™

The focal type of AIP exhibits a localized mass lesion
in the pancreas, similar to pancreatic carcinoma, and it
often exhibits obstructive jaundice,” which is also char-
acteristic of pancreatic carcinoma, when the lesion
involves the head of the pancreas. Consequently, some
patients with these features have been subjected to sur-
gical exploration with a presumed diagnosis of pancre-
atic carcinoma.® Considering that AIP shows a favorable
response to steroid therapy, the differentiation of these
two entities is clinically important.

Although patients with AIP sometimes show multifo-
cal or skipped narrowing of the main pancreatic duct
(MPD), there have been only a few cases of AIP with
multifocal lesions.” In this report, we describe the clini-
cal, radiological, and histopathological features of two
patients with AIP who exhibited distinct double masses
in the pancreas; the masses were resected on the suspi-
cion of pancreatic carcinoma.

Case reports

Case 1

A 62-year-old male patient with mild epigastralgia was
referred for further investigation of pancreatic masses.
He had no medical history of autoimmune disease, but
he had a history of hypertension. The results of labora-
tory examinations, including complete blood count,
electrolytes, bilirubin, liver function tests, and pancre-
atic enzymes and tumor markers (carbohydrate antigen
[CA] 19-9, and carcinoembryonic antigen [CEA]), were
all within normal limits. Computed tomography (CT)
showed irregular mass lesions in the head and body of
the pancreas (Fig. 1a, b); the lesions were 30mm and
25mm in diameter, respectively. The tumors showed
slight attenuation in the delayed phase with contrast
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Fig. 1a—e. Case 1. Computed tomography (CT) revealed
irregular mass lesions in the head (a) and body (b) of the
pancreas (arrowheads); early phase. ¢, d Fluorodeoxyglucose
positron emission tomography (FDG-PET) showed intense
uptake in both lesions (arrows), and their standardized uptake

medium. Fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) showed intense uptake in both
lesions, and their standardized uptake values (SUVs)
were 6.6 and 8.3, respectively (Fig. 1c,d). Magnetic reso-
nance cholangiopancreatography (MRCP) revealed
skipped stenoses of the MPD, concordant with the
tumors, and mild dilatation between the tumors and
distally (Fig. le).

Case 2

A 64-year-old male patient without any symptoms or
past medical history was admitted because of pancreatic
masses that were picked up on a medical checkup. Lab-
oratory tests showed slight elevation of blood glucose
(126 mg/dl: normal, 69-104 mg/dl) and hepatic enzymes
(aspartate aminotransferase, 41 IU/l [normal, 13-33 U/
1], alkaline aminotransferase, 751U/l [normal, 8-4211)/
1]). Dynamic CT showed two lesions, in the body and

tail of the pancreas, 28mm and 30mm in diameter,

respectively, and exhibited subtle delayed enhancement
(Fig. 2a). MRCP revealed obstruction of the MPD in
concordance with the tumors, and slight dilatation
between the tumors (Fig. 2b).

values (SUVs) were 6.6 and 8.3, respectively. (¢, head; d, body).
e Magnetic resonance cholangiopancreatography (MRCP)
revealed skipped stenoses in the main pancreatic duct (MPD)
concordant with the tumors (head, arrows; body, arrowheads),
and mild dilatation between the tumors and distally

The proximal lesions in both patients were consid-
ered to be pancreatic carcinomas because the finding of
localized stenoses with upstream dilatation of the MPD
was suggestive of pancreatic carcinoma. The distal
lesions were deemed to be either obstructive pancreati-
tis demonstrating mass lesions because of severe inflam-
mation, or other primary pancreatic carcinoma. In case
1, core needle biopsy of the tumor in the pancreatic
body was performed during surgery, and this revealed
parenchymal fibrosis and infiltration of inflammatory
cells, including plasma cells, without any evidence of
malignancy. Therefore, Whipple resection was per-
formed to resect only the head lesion. In case 2, the
patient received distal pancreatectomy.

The three resected tumors (case 1, head: case 2, body
and tail) resembled each other on both macroscopic and
microscopic examinations. On gross appearance, all cut
surfaces of the tumors demonstrated swelling of the
parenchyma, but the border between the tumor and
the surrounding pancreatic tissue was unclear, while the
existing lobular structure and narrowed MPD were
clearly identified (Fig. 2¢). Microscopic examination
confirmed marked lymphoplasmacytic infiltration and
fibrosis around the large and medium pancreatic ducts
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Fig. 2a—e. Case 2. a CT showed two lesions, in the body and
tail of the pancreas (arrowheads), and exhibited subtle delayed
enhancement; delayed phase. b MRCP revealed obstruction
of the MPD concordant with the tumors (arrows), and slight
dilatation between the lumors (arrowheads). ¢ On macro-
scopic examination, the cut surface of the tumors showed
swelling of the parenchyma, and the border between the
tumor and the surrounding pancreatic tissue was unclear. The

(Fig.2d, e). Lobular inflammation, atrophy of the paren-
chyma, and obliterative phlebitis were also observed.
No cystic lesion or calcification was detected. On immu-
nohistochemical staining, abundant plasma cells showing
strong immunoreactivity for IgG4 were observed, pre-
dominantly around the pancreatic ducts (Fig. 2e, inset).

The parenchyma between the two lesions in case 2
was markedly atrophic, and the acinar cells were almost
all replaced by fibrous tissue. The MPD was infiltrated
with  lymphoplasmacytes, including ITgG4-positive
plasma cells, as observed in the tumorous area.

The serum IgG4 level, measured postoperatively, was
elevated in both patients (case 1, 149mg/dl; case 2,

183mg/dl [normal, 0135 mg/dI"]).

Discussion

Since Yoshida et al.' proposed the term “autoimmune
pancreatitis (AIP)" to describe a type of chronic pan-
creatitis with an autoimmune mechanism in 1995, the
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parenchyma between the two lesions was markedly atrophic.
The MPD was narrowed in the tumor lesions, but was normal
in the area between the tumors (arrows). d Microscopic exam-
ination confirmed that the MPD was narrowed, with dense
lymphoplasmacytic infiltration and severe periductal fibrosis
around the MPD. e Lymphocytes and plasma cells around the
MPD. Inset shows 1gG4-positive plasma cells d H&E, x 40;
e H&E, x 200; inser in e IgG4 staining, x 400

concept of AIP has been widely recognized. The char-
acteristics of AIP are described as follows: mild symp-
toms, increased serum y-globulin or IgG level and the
presence of autoantibodies, diffuse enlargement of the
pancreas, diffuse irregular narrowing of the MPD,
fibrotic change with lymphoplasmacyte infiltration his-
topathologically, and a favorable response to steroid
lhcrap}n‘ In addition, an elevated concentration of
serum IgG4 is reported to be supportive of the diagnosis
of AIP"

AlP is frequently associated with other autoimmune
disorders such as inflammatory bowel disease and scle-
rosing cholangitis. Recently, [gG4-related sclerosing dis-
eases of organs other than the pancreas have been
documented.” Various organs, including the bile duct,
gallbladder, salivary gland, and retroperitoncum are
considered to be affected multifocally. These organs are
characterized by dense infiltrations of IgG4-positive
plasma cells.

With an increase of AIP cases being reported, some
AIP patients have presented with focal involvement

e
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showing localized narrowing of the MPD and focal
swelling of the pancreas.”™ As this focal variant of AIP
sometimes shows clinical and radiological findings
resembling those of pancreatic carcinoma, patients with
such findings have frequently been treated surgically for
suspected malignancy.” Although some diagnostic clues
have been reported to differentiate the focal type of
AIP from pancreatic carcinoma, such as a fluctuating
course of jaundice,’ homogeneous delayed enhance-
ment on dynamic CT, longer stenosed MPD without
upstream dilatation,’ and raised concentration of serum
1gGA4.! definite discrimination is still difficult in spite of
the advances in imaging technology. Even with FDG-
PET examination, when the lesion is localized, it can be
confused with pancreatic malignancy, because it has
been reported to show increased uptake at the affected
site of AIP."

Our preoperative diagnosis in both the present
patients was pancreatic carcinoma with obstructive pan-
creatitis demonstrating mass lesions, or double primary
pancreatic carcinomas, However, the possibility of mass-
forming pancreatitis should have been entertained, con-
sidering the fact that cases of double pancreatic
carcinomas have seldom been encountered in clinical
settings and considering the finding that the tumor
markers in both patients were within normal limits.
From a retrospective point of view, stenotic or obstruc-
tive findings of the MPD on MRCP are not only char-
acteristic of pancreatic carcinoma but may also be
suggestive of AIP, because of the low resolution of
MRCP.

Interestingly, the parenchyma between the two lesions
in case 2, which appeared almost normal on radiological
images, was markedly atrophic, and the acinar cells were
almost all replaced by fibrosis on microscopic examina-
tion. The MPD was infiltrated with lymphoplasmacytes,
including IgG4-positive plasma cells. This suggested that
this area had suffered from autoimmune inflammation
previously and was almost burned out. In other words,
the intensity of inflammation may be related to the
degree of swelling of the pancreas, and parenchyma that
appears normal on radiological examination may be
either actually normal or mildly affected without clini-
cal manifestation, or it may already be burned out as in
our case 2.

Considering a reported case of AIP that started as a
localized form and progressed to diffuse swelling of the
pancreas,” the focal type of AIP may be regarded as
part of the same clinical spectrum as the diffuse type of
AIP. Whether the distribution is diffuse or focal may
merely reflect the stage or extent of the disease.”

M. Kajiwara et al.: AIP with multifocal lesions

The serum IgG4 level, measured postoperatively, was
elevated in both of our patients. However, a case of
pancreatic cancer in a patient with a high serum 1gG4
concentration was recently reported.” Without definite
criteria, it is still difficult to discriminate the focal type
of AIP from pancreatic carcinoma. Therefore, it is clini-
cally important to know that AIP sometimes exhibits
multiple lesions within the pancreas.
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Incidence of the focal type of autoimmune pancreatitis in chronic
pancreatitis suspected to be pancreatic carcinoma: Experience of a
single tertiary cancer center

MASATOSHI KAJIWARA', NAOTO GOTOHDA', MASARU KONISHI',
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Abstract

Objective. With an increase in autoimmune pancreatitis (AIP) being reported, the focal type of AIP, which shows
localized narrowing of the main pancreatic duct and focal swelling of the pancreas, has recently been recognized. Therefore,
cases of focal-type AIP subjected to surgical intervention for presumptive malignancy might previously have been diagnosed
as mass-forming chronic pancreatitis, The aim of this study was to clucidate the incidence of focal-type AIP in resected
chronic pancreatitis at a single tertiary cancer center. The clinical and radiological features of focal-type AIP were also
evaluated. Material and methods. We re-evaluated 15 patients who underwent pancreatic resection with a presumed
diagnosis of pancreatic ductal adenocarcinoma, and who in the past had been diagnosed pathologically as having
chronic pancreatitis. Results. Seven of 15 patients showed AIP, and the other 8 patients were diagnosed as having
mass-forming chronic pancreatitis not otherwise specified by pathological retrospective examination. In other words,
nearly half of the cases of resected chronic pancreatitis that were suspected to be pancreatic carcinoma preoperatively
showed focal-type AIP. Regarding the characteristic findings of focal-type AIP, narrowing of the pancreatic duct on
endoscopic retrograde pancreatography (ERP) might be diagnostic. Conclusions. Focal-type AIP is not a rare clinical
entity and might be buried in previously resected pancreatic specimens that in the past were diagnosed simply as mass-
forming pancreatitis.

Key Words: Awoimmune pancreanns, focal type, pancreanc carcinoma

Introduction Regarding tertiary cancer centers, patients with
Autoimmune pancreatitis (AIP) is a special type of so-called mass-forming chronic pancreatitis have
chronic pancreatitis characterized by diffuse swelling been referred to our institute with a presumptive
of the pancreatic parenchyma and irregular narrow- diagnosis of pancreatic ductal adenocarcinoma and
ing of the pancreatic duct system, periductal lym-  subjected to surgical exploration. As focal-type AIP
phoplasmacytic infiltration and fibrosis, and a has not been well known in the clinical setting until
favorable response to steroid therapy [1]. only recently, patients with this category of disease

With increasing recognition of AIP, however, AIP who had received pancrearic resection for suspected
with focal involvement has recently been reported malignancy might previously simply have been
[2-7]. This focal type of AIP is considered to be in diagnosed with mass-forming chronic pancreatits.
the same clinical category as the diffuse type of AIP, Therefore, the frequency of focal-type AIP in

and only the extent of the disease may differ between patients with chronic pancreatitis who underwent
them [8]. surgical intervention has not been well documented.
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In this study, we retrospectively reviewed all
resected specimens of chronic pancreatitis for pre-
sumed pancreatic carcinoma, and uncovered the
incidence of focal-type AIP in a single tertiary cancer
center. Moreover, the clinical and radiological fea-
tures of focal-type AIP were also evaluated.

Material and methods

From July 1992 to December 2006, 15 patients
underwent surgical exploration with a presumptive
diagnosis of pancreatic ductal adenocarcinoma, and
were diagnosed pathologically as having chronic
pancreatitis in the past. We re-evaluated the patho-
logical specimens of these 15 patients, and classified
them as AIP or mass-forming pancreatitis not
otherwise specified.

The pathological characteristics of AIP are: dense
periductal lymphoplasmacytic inflammation, peri-
ductal and parenchymal fibrosis, and obliterative
venulits [9]. In an immumohistochemical study,
dense infiltration of IgG4-positive plasma cells was
also reported to be diagnostic [10-12].

The clinical manifestations and radiological find-
ings for focal-type AIP were also reviewed. Each
patient received dynamic computed tomography
(CT) and either endoscopic retrograde cholangio-
pancreatography (ERCP) (4 patients) or magnetic
resonance cholangiopancreatography (MRCP) (3
patents).

Results
Incidence of focal-type AIP

Seven (all male) of 15 patients showed AIP, and the
other 8 patients (7 M, 1 F) were diagnosed as having
mass-forming chronic pancreatitis not otherwise spe-
cified, pathologically. Immunohistochemical staining
for IgGG4 was positive in all AIP patients except one,
whereas it was negative in all patients with mass-
forming pancreatitis.

Distribution and number of mass lesions

Of the 7 AIP patients, 5 showed a single mass lesion,
including 4 in the pancreatic head and one in the
body-tail of the pancreas. The remaining 2 patients
showed double lesions within the pancreas;
one patient with tumors in the pancreatic head and
body underwent pancreaticoduodenectomy, and the
other patient with mass lesions in the body and tail
was subjected to distal pancreatectomy for suspected
pancreatic carcinoma (Table I).

Table 1. Clinical, laboratory and CT findings in seven patients with resected AIP.

Focal type of autoimmune pancreantis

Capsule-like
rim

Delayed
enhancement

Operation

Size
Location (mm)
DP

1gG4
(mg/dl)

CA19-9
(Ufml)

CEA
(ng/ml)

Symptoms

Past history

Case Age/gender

++
+4+

SSpPD
SSpPD

28, 30
30, 25

30

Body, tail
Head, body
Head (Uncus)

183
149
NA

6.2

11.1
B

0.9
2.8
0.9

Epigastralgia

None

None
HT
None

64M
62M
59/M

Epigastralgia,

R
++

DP
PpPD

50
23

Body-tail
Head

NA
NA

5
228

3.8

None None
DM

51/M
60/M

4
5

Epigastralgia,

jaundice

PpPD

NA

98

3.2

Epigastralgia,

None
jaundice

62/M

PpPD

45

NA

14

1.6

Ulcer, gout Jaundice

68/M
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tomy; PpPD =pylorus-preserving pancreati

; CEA =carci

.. AIP = auto
subtotal stomach-preserving pancreaticod

Atk

111



112 M. Kapwara er al

Back ground and clinical symptoms

All AIP patents were male and had no other
auroimmune-related disorders or history of alcohol
abuse, Their age range was 51-68 years, with a mean
of 60.9 years. Abdominal symproms were present in
4 cases; however, they were mild, with epigastric
discomfort rather than pain. The other 3 patents
had no abdominal symptoms (Table I).

A total of 5 patients had mass lesions in the head
of the pancreas, Four patients presented with
obstructive jaundice, but fluctuation of jaundice
was not observed in any of the patients. The other
patient with a pancreatic head mass did not show
obstructive jaundice, although the tumor was large at
30 mm in diameter.

Laboratory data

Serum level of IgG4 was measured in only 2 patients
with AIP, and was above the normal limit (normal
range: 0-135 mg/dl [13]) in both of them. Regarding
tumor markers, carcinoembryonic antigen (CEA)
was within normal limits in all parients; however,
carbohydrate antigen (CA) 19-9 was raised in 2
patients. Autoantibodies were not evaluated (Table

.

Dynamic CT images

Every patient showed a localized pancreatic lesion,
and to some extent delayed enhancement in dynamic
CT smudies. The degree of mass formation varied
from mild swelling of the parenchyma to a distinct
tumor-like lesion. A capsule-like rim was identified
in only one patent. Neither a cystic component nor
calcificarion was detected (Table I, Figures 1 and 2).

Main pancreatic duct

Apart from the case involving the uncinate process
with a normal main pancreatic duct (MPD), a duct
in the area of the mass lesion was observed in the
other 6 patients. Four patients who underwent
endoscopic retrograde pancreatography (ERP)
showed smooth or irregular narrowing of the
MPD, whereas the two patients who recently re-
ceived magnetic resonance pancreatography (MRP)
demonstrated obstruction of the MPD in accor-
dance with the tumor (Table II, Figures 3 and 4).

Post-stenotic dilataton of the MPD was observed
in all patients with the exception of two; one of these
patients had a tumor in the uncinate process and
therefore showed normal pancreatic duct features,
and the other had a mass located in the body-tail of
the pancreas, so the post-stenotic status was not
evaluated. However, post-stenotic dilatation was
mild and the MPD had a maximum diameter of
less than 5 mm in all patents.

Common bile duct

Stricture of the lower common bile duct was
detected on endoscopic retrograde cholangiography
(ERC) or magnetic resonance cholangiography
(MRC) in all 5 patients with a pancreatic head
lesion, including one patient without obstructive

jaundice.

Findings of mass-forming pancreatitis

Clinical and radiological findings of chronic pan-
creatitis not otherwise specified were also reviewed
(Table III). The mean age was 49.6 years and
younger than that for patients with focal-type AIP.

Figure 1. Dynamic computed tomography (CT) in case 3 shows a distinct mass lesion in the head of the pancreas with delayed
enhancement (arrows). (a) Arrerial phase, (b) portal phase, (c) delayed phase.



Figure 2. Artenal phase, contr h d
phy (CT) in case 4 shows a mass-like lesion in thl: body o m] of
the pancreas, with a low-attenuared capsule-like im (arrows).

Three patients had a history of alcohol abuse.
Although 7 out of 8 patients had lesions in the
head of the pancreas, obstructive jaundice was
observed in only 2 patients.

On dynamic CT examination, 5 patients showed
delayed enhancement to some extent. Cystic lesions
and calcification in the tumor, which were not
observed in focal-type AIP, were detected in 3
patients and 1 patient, respectively. MPD stenosis
on MRP was detected in 2 patients; at ERP, 4 out of
6 patients showed narrowing of the MPD, whereas
the other 2 patients had normal MPD fearures.

Discussion

AIP is a unique entity of chronic pancreatids, with
an autoimmune etiological mechanism [1,14,15]. It
is also known as lymphoplasmacytic sclerosing
pancreatitis (LPSP) based on its characteristic
pathological findings [9]. Clinically, obstructive
jaundice is considered a major presenting symptom
[16].

Table 11, Radiological findings of MPD on MRP or ERP.
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Figure 3. Endoscopic retrograde pancreatography (ERP) in case
6 shows segmental smooth narrowing of the main pancreatic duct
(MPD) in the pancreatic head, with mild upstream dilatation
(maximum diameter is 4 mm).

AIP usually affects the whole pancreas; however, a
focal type of AIP, which affects a localized area of the
pancreas and often exhibits mass formation, has
been reported [2-7]. In fact, the diagnostic criteria
for AIP proposed by the Japan Pancreas Society [17]
were revised in 2006, and the description of the
length of the affected pancreatic duct, which was
previously defined as more than 1/3 the length of the
entire pancreas, was abolished. If we consider AIP as
starting as a local form that progresses to diffuse
swelling of the pancreas [18], focal-type AIP can be
regarded as part of the same clinical spectrum as
the diffuse type of AIP. Whether the distribution is
diffuse or focal merely reflects the stage or the extent
of the disease [8].

This focal type of AIP has recently been recog-
nized; therefore, there might be many cases of this
clinical entity buried in pancreatic specimens that
were resected for suspected pancreatic carcinoma
and were diagnosed as mass-forming chronic pan-
creatitis in the past.

In the present study, out of 15 patients with chronic
pancreatitis who underwent surgical exploration,

MRP findings ERP findings
Case Location MPD Post-stenotic dilatation MPD Post-stenotic dilatarion
1 Body, tail Stenosis 3 mm
2 Head, body Stenosis 4 mm
3 Head (Uncus) Normal -
4 Body-1ail Smooth narrowing Not evaluated
 ; Head Irregular narrowing 4 mm
6 Head Smooth narrowing 4 mm
;] Head Irregular narrowing 5 mm

Abbreviations: MPD =main pancreatic duct; MRP = magnetic resonance pancreatography; ERP =endoscopic retrograde pancreatography.
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graphy (MRP) in case 2
shows segmental obstructions of the main pancreatic duct in the
area of the double rumors and mild post-stenotic dilatation.
(arrows: head lesion; arrow heads: body lesion).

Figure 4. M

7 were shown to have AIP and the other 8 patents
were diagnosed as having mass-forming pancreatitis
not otherwise specified. The pathologic diagnosis of
ATP was easily made based on characteristic findings
such as dense periductal lymphoplasmacytic inflam-
mation, parenchymal fibrosis, and obliterative venu-
litis on hematoxylin & eosin staining. With regard to
immunohistochemical staining for IgG4, Zhang et al.
[12] reported that the sensitivity in resected AIP
specimens was 72% (21/29). In the present study,
there was one IgG4-negative AIP case, so it was
considered just to be a supportive clue in resected
pancreatic specimens,

During the same period, in comparison, a total of
145 patients with pancreatic ductal adenocarcinoma
received pancreatic resection (107 pancreaticoduo-

denectomies, 36 distal pancreatectomies, and 2 total
pancreatectomies). In other words, 9.4% (15/160) of
patients with presumed pancreatic carcinoma had
benign pancreatitis, Moreover, nearly half the cases
of mass-forming chronic pancreatitis were shown to
be AIP. It is thus considered that the focal type of
AIP is by no means a rare clinical entity.

The results of pancreaticoduodenectomy in some
high volume centers in western countries have been
reported, and similarly, about 10% (11-13%) of
cases were shown to be benign disease [19-21].
These studies also reported an 11-34% incidence of
focal-type AIP out of resected so-called chronic
pancreatitis. These studies, however, were different
from our report essentially in two points: the type
of resection was limited to only pancreaticoduode-
nectomy, and the population included every peri-
pancreatic disease and disorder. Although chronic
mass-forming pancreatitis resembles pancreatic duc-
tal adenocarcinoma clinically and radiologically,
most periampullary tumors, pancreatic endocrine
tumors, and pancreatic cystic tumors are easily
diagnosed with their characteristic findings. There-
fore, we excluded these tumors in the present study
and calculated the incidence of the focal type of AIP.

Sasson et al. [20] also reported that despite the
advances in imaging modalities, the ability to dis-
criminate between benign inflammatory conditions
and neoplastic disease is still inadequate. Similarly,
in our institution the incidence of resected AIP has
not decreased, even in recent years.

The clinical presentations and radiological findings
of focal-type AIP are similar to those of pancreatic
malignancy, especially ductal adenocarcinoma;

Table I1I. Clinical, radiological and pathological findings in both resected AIP and mass-forming pancreatitis not otherwise specified.
Focal-type AIP (n=7) Mass-forming pancreatitis NOS (n=8)

Age Mean (range) 60.9 (51-68) 49.6 (38-74)
Gender Male:Female 7:0 7:1
Background Alcohol abuse o7 38

Autoimmune history o7 o8

Etioclogy Alcoholic: 3

Gallstones: 1
Not specified: 4

Locarion Head 5 /8
Symptoms Jaundice* 45 2n

Epigastralgia a1 38
CcT Delayed enhancement n 5/8

Capsule-like rim 17 /8

Cyst o7 3/8

Calcification o7 1/8
MRP MPD stenosis 22 212
ERP MPD narrowing 44 46
Pathology 1gG4(+) plasma cells 6/7 o8
Abbreviations: NOS =not otherwise specified; AIP =sutoimmune pancreatitis; CT =computed graphy; MRP =magnetic r e

pancreatography; ERP =endoscopic retrograde pancreatography.
*Pau with lesi of the p tic head.




therefore, some AIP patients have been treated
surgically [22]. Regarding the favorable response of
AIP to steroid therapy, accurate diagnosis is con-
sidered clinically important.

The characteristic features of pancreatic ductal
adenocarcinoma have already been well documented
and recognized. Jaundice, pain, and weight loss are
its classic symptoms [23]. On dynamic CT, pan-
creatic ductal adenocarcinoma typically has the
appearance of an ill-defined, hypoattenuating focal
mass during the arterial phase when compared with
the normal pancreatic parenchyma, along with
diminished enhancement in the delayed phase
[24,25]. Moreover, obstruction of the MPD on
ERP is considered to be the most common pancrea-
ticographic finding [25].

Recently, some characteristic findings of focal-
type AIP have been reported to be useful in
discriminating AIP from pancreatic carcinoma,
such as the fluctuating course of jaundice [4],
frequent associaton with other autoimmune disor-
ders [1,10,11], raised serum levels of IgG4 [6,13],
homogeneous delayed enhancement in dynamic CT,
and longer MPD stenosis without upstream dilata-
tion (maximum upstream diameter <6 mm) [5].

In the present study, 4 out of the 5 patients with
pancreatic head lesions presented with obstructive
jaundice, but fluctuation was not observed. In past
medical history, there was no other autoimmune
disease such as inflammatory bowel disease in any
patient.

The serum level of IgG4, which was measured in
only 2 patients, was raised. Although evaluation of
serum IgG4 might be useful, it is not a definite
diagnostic clue, as was recently reported in a case of
pancreatic carcinoma with a high serum IgG4
concentration [26].

CT images showed delayed enhancement of the
tumor to some extent in every patient. However, this
finding indicates abundant fibrosis in the pancreatic
parenchyma, which applies to both chronic pancrea-
titis and pancreatic ductal adenocarcinoma. Discri-
mination of these two entities according to the
degree of enhancement is considered clinically im-
possible,

Irie et al. [27] reported that a capsule-like rim
around the pancreas, reflecting the inflammatory
process, was a typical sign of AIP. However, in the
present study, only 1 out of 7 patients exhibited this
feature in dynamic CT; therefore, a capsule-like rim
might be less sensitive for the diagnosis of focal-type
AIP.

To some extent post-stenotic dilatation of the
MPD was detected in all patients with the exception
of two; one had a tumor in the uncinate process, and
the mass in the other patient was located in the
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body-tail of the pancreas; therefore, evaluation of
the post-stenotic status was impossible. However,
the maximal diameter was limited to within 5 mm in
all patients as was previously reported [5].

Kamisawa et al. [28] reported the different
appearance of MRP and ERP images in AIP
patients; the narrowed portion of the MPD noticed
on ERP was not visualized on MRP. Therefore,
MRP cannot differentiate the irregular narrowing of
the main pancreatic duct seen within AIP from
stenosis of the MPD in pancreatic ductal adenocar-
cinoma.

Similarly, 4 patients who underwent ERP demon-
strated irregular or smooth narrowing of the pan-
creatic duct; in contrast, 2 patients who recently
underwent MRP exhibited obstruction of the MPD.
Examination of the cut surface of the resected
specimen in these two patients who underwent
MRP confirmed that the narrowed MPD actually
penetrated the tumor. Stenotic or obstructive find-
ings of the MPD on MRP are not only characteristic
of pancreatic carcinoma, but may be suggestive of
AIP, because of the low resolution of MRP. Alter-
natively, ERP findings of AIP such as irregular or
smooth narrowing of the pancreatic duct are con-
sidered to be diagnostic in order to differentiate AIP
from pancreatic carcinoma.

In conclusion, about 10% of patients who were
suspected of having pancreatic ductal adenocarci-
noma and were subjected to surgical interventon
had chronic pancreatitis in the clinical setting.
Moreover, about half of the cases of resected chronic
pancreatitis showed focal-type AIP. These findings
suggest that the focal type of AIP is not a rare clinical
entity, and undiagnosed cases might be buried in
previously resected pancreatic specimens that in the
past were diagnosed simply as mass-forming pan-
creatitis.
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g m’ "’s_z bile d Summary Although the pathological tumor-node-metastasis (pTNM) classification is the histologic
b i e prognostic classification currently used clinically worldwide to predict the outcome of patients with
carcinoma;

Pro ) extrahepatic bile duct carcinoma (EBDC), some patients with EBDC in the early pTNM stage experience
il tumor recurrence and some of them die of their discase. We have confirmed that the histologic

rﬁut le: characteristics of tumor cells and tumor stromal cells in the vessels and lymph nodes of patients with EBDC
sg‘;’m cell % are more strongly associated with tumor recurrence or death than in the primary tumor. The purpose of this

study was to establish a primary tumor/vessel tumor/nodal tumor (PVN) classification for EBDC that would
accurately predict the outcome of 72 patients. Multivariate analyses using the Cox proportional hazard
regression model were used to compare the ability of the PVN classification to predict fumor recurrence
and death with that of the pTNM, the American Joint Committee on Cancer, and the Japanese pTNM
classification systems; and the results showed that only the PVN classification significantly increased
the hazard rates for tumor recurrence and death independent of nodal status (£ <.05). We conclude that
the PVN classification is probably the most accurate prognostic classification system available for EBDC.
© 2008 Elsevier Inc. All rights reserved.
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