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confidence interval, CI, 1.5–4.5, and RR for poorly differenti-
ated vs. well-differentiated: 5.0, 95% CI 2.4–10.1).  Conclu-
sion:  Tumor differentiation may be a better predictor of sur-
vival in resectable PaC than tumor stage. 

 Copyright © 2008 S. Karger AG, Basel and IAP 

 Introduction 

 Pancreatic ductal adenocarcinoma (PaC) with a diam-
eter of  ̂  2 cm (small PaC) is considered an early cancer 
based on the TNM  [1]  and Japan Pancreas Society clas-
sifications  [2] , both of which define a T1 tumor as  ̂  2 cm 
in size. Tumor size is an important prognostic factor as 
small PaCs have been reported to have better prognosis 
and survival after surgery than large PaCs  [3–9] , but re-
sected PaCs are usually not small. Of 1,459 resected PaCs 
collected in 8 series  [3–10] , only 347 (24%) were small. 
Most survival data on small PaC are derived from either 
large surgical series analyzing all resected PaCs  [3–11]  or 
collected reviews limited to small PaCs  [12–17] . Most of 
the large surgical series did not specifically explore the 
characteristics of the small PaC group in detail. Case se-
ries of small PaC, although including more patients, are 
limited by heterogeneity of data collected from different 
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 Abstract 

  Objectives:  In a matched analysis, we investigated clini-
cal, histopathological, and survival characteristics of small 
( ̂  2 cm) pancreatic cancer (PaC) as compared to large PaC. 
 Methods:  From the Mayo pathology database, we identified 
41 consecutive patients with small PaC and 94 matched con-
trols with margin-negative PaC  1 2 cm. Two experienced pa-
thologists, who were blinded to survival data, independent-
ly reviewed tumor stage and differentiation. Kaplan-Meier 
survival analysis and Cox proportional hazards models were 
applied for data analyses.  Results:  In patients with localized 
disease (stages I and II), survival was similar in small and large 
PaC but survival was significantly better in small PaC with 
regional nodal metastasis (stage III) as compared to similar 
stage large PaC (5-year survival 44 vs. 7%, median survival 58 
vs.18 months, p  !  0.001). Well-differentiated small and large 
PaC had similar median survival (76 vs. 74 months, p = NS). In 
multivariate analysis, tumor differentiation, not tumor size, 
was the only independent factor predicting survival in PaC 
(risk ratio, RR, for moderate vs. well- differentiated: 2.6, 95% 
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hospitals using questionnaires and the lack of a compar-
ison group (i.e. large PaC).

  In order to gain further insights into the prognosis of 
small PaC, we compared 41 consecutive patients with 
small PaCs ( ̂  2cm) resected at the Mayo Clinic between 
1985–2001 with a group of 94 patients with large ( 1 2 cm) 
PaCs who underwent surgery at our institution during 
the same time period and who were matched for age, gen-
der, tumor location, type of surgery and, if possible, the 
surgeon. We confined the analysis to subjects who under-
went curative resection, i.e. had negative margins. In ad-
dition to tumor size and stage, we compared histologic 
and prognostic markers such as tumor differentiation, 
angiolymphatic invasion, and perineural invasion.

  Material and Methods 

 Patient Selection 
 This study was approved by the Mayo Foundation Institution-

al Review Board. From the Mayo Clinic Surgical Pathology Data-
base, we selected all patients who underwent curative resection 
for PaC from January 1985 to July 2001. Tumors with the largest 
diameters reported as  ̂  2 cm in the gross pathological report 
were defined as small PaC. All histopathologic sections were in-
dependently re-reviewed by two experienced pathologists (T.C.S. 
and A.O.) to confirm PaC diagnosis, assign tumor stage, evaluate 
tumor differentiation, and exclude other diagnoses. We excluded 
patients for whom histopathologic materials were not available 
for review, patients with positive resection margins, either gross 
or microscopic, those dying within 1 month of surgery, and pa-
tients with simultaneous resection or diagnosis of a second can-
cer. Both pathologists were blinded to the survival data on these 
patients.

  For every case of small PaC, we selected, blinded to the pa-
tients’ data on survival and tumor stage, 2 patients with margin-
negative pancreatic ductal adenocarcinoma with a tumor size of 
 1 2 cm. Large and small PaCs were matched for age ( 8 5 years), 
gender, tumor location, type of surgery (pancreaticoduodenec-
tomy vs. distal pancreatectomy), date of surgery ( 8 2 years), and, 
if possible, pancreatic surgeon. Exclusion criteria similar to those 
used for small PaC were applied to large PaC. All histopathologic 
sections of selected large PaC patients were re-reviewed for con-
firmation of diagnosis, staging, and differentiation by both pa-
thologists independently (T.C.S. and A.O.).

  Clinical and Survival Data 
 Medical records were reviewed to obtain demographic data, 

presenting symptoms, and date of last contact or death. Follow-up 
information was obtained from questionnaires sent annually by 
the Mayo Tumor Registry. If necessary, notice of death was also 
obtained from Social Security Death Index. Postoperative sur-
vival was determined from the date of surgery to the date of
last contact or death. Patients who died within 30 days of surgery 
were excluded. PaC was staged according to the TNM Classifica-
tion  [1] .

  Histopathologic Data 
 Tumor differentiation was classified according to the WHO 

classification as well differentiated, moderately differentiated, 
and poorly differentiated  [18] . The presence of angiolymphatic 
and perineural invasion was noted.

  Statistical Analysis 
 Continuous variables are presented as mean  8  standard de-

viation and were compared using Student’s t test. Categorical 
variables were compared using the  �  2  test or Fisher’s exact test (if 
small number). Survival analyses were performed by Kaplan-
Meier analysis and compared by log-rank test. Survival data are 
presented as 5-year survival and median survival. Multivariate 
analyses were performed using Cox proportional hazards model 
and presented as hazard ratios and 95% confidence intervals. Sta-
tistical significance was considered when p  !  0.05. Statistical 
analyses were performed using SAS v8.0 (SAS Institute, Inc., 
Cary, N.C., USA).

  Results 

 Between 1985 and 2001, we identified 85 patients with 
resected small PaC and negative margins. Eleven patients 
with small PaC were excluded due to the lack of availabil-
ity of histopathologic sections for review. After review of 
the 74 cases, an additional 33 patients were excluded due 
to revision of diagnosis (ampullary carcinoma (n = 14), 
intraductal papillary mucinous neoplasm (n = 8), pres-
ence of multiple primary cancers (n = 2), positive resec-
tion margins (n = 7), and postoperative death (n =
2). Thus, 41 patients with margin-negative small PaC
( ̂  2 cm) were included in the final analysis. We selected 
94 patients with large PaC ( 1 2 cm) who were matched to 
the small PaC patients. There was an excellent correlation 
for tumor staging and differentiation among the two pa-
thologists, who independently reviewed both small and 
large PaC.

  The small and large PaC groups were similar in terms 
of mean age, gender, location of tumor, presenting symp-
toms, and duration of symptoms ( table 1 ). Data on adju-
vant chemoradiation were available in 37 and 85 patients 
with small and large PaC, respectively. Ninety-four per-
cent of small PaC and 89% of large PaC received adjuvant 
chemoradiation (p = NS). Compared to large PaCs, small 
PaCs were more likely to be stage I (32 vs. 12%, p = 0.005) 
and less likely to be stage IVa (2 vs. 14%, p = 0.05;  table 1 ). 
However, the two groups were similar in the proportion 
of patients with stage II and stage III disease and positive 
lymph nodes. When compared to large PaCs, small PaCs 
were more likely to be well differentiated (44 vs. 15%, p = 
0.001) and less likely to be poorly differentiated (0 vs. 
27%), p  !  0.0001. Large PaC was more likely to have peri-
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neural invasion (65 vs. 46%, p = 0.04), whereas angiolym-
phatic invasion was similar in the two groups (46 vs. 65%, 
p = NS).

  Small PaC had better overall 5-year actual survival 
compared to large PaC (41 vs. 14%, median survival 38 
vs. 17 months, p = 0.004;  table 2 ). In patients with local-
ized disease (stage I and II), survival was not different 
between small and large PaC. In contrast, survival of 
small PaC patients with regional node metastasis (stage 
III) was significantly better than that of patients with 
large PaC (5-year survival 44 vs. 6%, median survival 60 
vs. 16 months, p = 0.002;  table 2 ).

  Among patients with small PaC, survival was not dif-
ferent among patients with tumor stages I, II, and III, and 
between lymph node-negative and lymph node-positive 
patients. In contrast, survival of large PaC was signifi-
cantly reduced when lymph nodes were positive (5-year 
survival 25 vs. 5%, median survival 20 vs. 16 months, p = 
0.02).

  On univariate analysis, the only histopathologic factor 
affecting survival of small PaC was tumor differentia-
tion, whereas in large PaC, tumor differentiation, pres-
ence of angiolymphatic invasion and perineural invasion 

all affected survival ( table 3 ). Multivariate analysis indi-
cated that tumor differentiation was the only indepen-
dent factor that determined survival of PaC ( table 4 ). Tu-
mor size (small vs. large), lymph node status, angiolym-
phatic and perineural invasion and adjuvant chemo-
radiation were not independent factors affecting survival. 
For the same degree of tumor differentiation, survival of 
small and large PaC was not different ( fig. 1 ).

  Discussion 

 In this study, we confirm the previously noted find-
ings that small PaCs have a better prognosis than large 
PaCs and are more likely to be confined to the pancreas 
(stage I) than larger tumors. However, only a third of 
small PaCs are confined to the pancreas and the better 
prognosis of small PaCs despite lymph node metastases 
appears to be related to better differentiation.

  Tumor size is an important prognostic factor for PaC. 
Large surgical series, which included both small and large 
PaC, reveal that 5-year survival of small PaC (20–32%) 
and median survival (23–30 months) were better com-
pared to 5-year survival (1–20%) and median survival 
(10–15 months) of large PaC  [3–9] . The most recent col-
lective review of small PaC by Tsunoda et al.  [16] , includ-
ing 302 patients from fifteen reports and seven previous 
collective studies, noted that the average 5-year survival 
for small PaC is in the range of 30–40%. These results 
suggest better survival for small PaC compared to the his-
torically reported survival rates for PaC.

  The better prognosis of small PaC may be attributed 
to detection at an earlier stage. Indeed, in our study, when 
compared to large PaCs, small PaCs were more likely to 
be confined to the pancreas, i.e. stage I (32 vs. 12%) and 
less likely to have distant metastases, i.e. stage IVa. These 
results are also similar to those of Tsunoda et al.  [16] , who 
reported that 40% of small PaCs were stage I and 60% had 
no lymph node involvement. However, the better differ-
entiation and improved survival of small PaCs compared 
to large PaCs of similar stage or lymph node status may 
indicate that small PaCs represent a more indolent subset 
of PaC rather than being a precursor to large PaC. Sup-
port for this argument comes from key observations of 
our study. Small PaCs were better differentiated than 
large tumors. While 44% of small PaCs were well differ-
entiated and none were poorly differentiated, only 12% of 
large PaCs were well differentiated and 28% were poorly 
differentiated. These observations are similar to those of 
Manabe et al.  [19] , who reported a series of 12 small PaCs, 

Table 1. Demographic and clinical characteristics of small
(≤2 cm) and large (>2 cm) PaC groups

Small PaC
(n = 41)

Large PaC
(n = 94)

p
value

Age at surgery 62.0812.1 62.2811.1 NS
Male, % 61 52 NS
Tumor size, cm 1.6980.35 3.3980.92 <0.01
Location of tumor 

Head 40 (98%) 91 (97%) NSBody or tail 1 (2%) 3 (3%)
Presenting symptoms 

Jaundice 35 (85%) 70 (75%) NS
Abdominal pain 4 (10%) 19 (20%) NS
Others 2 (5%) 5 (5%) NS

Duration of symptoms
before surgery, weeks 

9.2813.6
(0–80)

9.388.7
(0–41) NS

TNM staging 
Stage I 13 (32%) 11 (12%) 0.005
Stage II 9 (22%) 24 (25%) NS
Stage III 18 (44%) 46 (49%) NS
Stage IVa 1 (2%) 13 (14%) 0.05

Positive lymph nodes 18 (44%) 52 (55%) NS

Values for age at surgery, tumor size and duration of symp-
toms before surgery are expressed as mean 8 SD.
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of which 9 were well differentiated, 2 were moderately 
differentiated, and only one was poorly differentiated.

  The other pointer towards small PaCs being more in-
dolent is the observation that small PaC patients, even 
with metastatic disease to lymph nodes (stage III), do re-
markably well. In contrast, large PaC patients show a sig-
nificant drop off in long-term survival once the cancer 
spreads to lymph nodes. In multivariate analyses, tumor 
differentiation was the only factor predicting survival in 
both small and large PaC, further lending support to the 
importance of biologic behavior of the tumor in deter-

mining survival in resectable PaC. Tumor stage, lymph 
node status, or other histopathologic findings did not af-
fect survival of small PaC. These findings are similar to 
the results of the collective studies of small PaC by Tsuchi-
ya et al.  [12] , and Satake et al.  [14] , who found no differ-
ence in 5-year survival between different stages of small 
PaC and between lymph node positive and negative small 
PaC. Interestingly, we found that even in large PaC, the 
only independent prognostic factor was tumor differen-
tiation. Tumor size (small vs. large) itself was not the 
prognostic factor.

Table 2. Effect of tumor stage and lymph node status on survival in small (≤2 cm) and large (>2 cm) PaC

Parameter Small PaC (n = 41) Large PaC (n = 94) pc

5-year sur-
vival

median sur-
vival, months 

pa 5-year sur-
vival

median sur-
vival, months 

pb

All cases 17 (41%) 38 14 (14%) 17 <0.01
Tumor stage

I 21 (52%) 22

NS

17 (18%) 17

NS

NS
II 11 (27%) 27 24 (26%) 20 NS
III 18 (44%) 60 6 (6%) 16 <0.01
IVa 1 (0%) 6 22 (23%) 18 0.02

Lymph nodes
Negative 16 (39%) 27 NS 24 (25%) 20 0.02 NS
Positive 18 (44%) 60 5 (5%) 16 <0.01

Adjuvant chemoradiation
Yes 19 (45%) 45 <0.01 8 (9%) 16 NS <0.01
No 1 (0%) 12 36 (38%) 18 NS

a Between subgroups of small PaC. b Between subgroups of large PaC. c Between small and large PaC.

Table 3. Effect of histopathologic features on survival of small (≤2 cm) and large (>2 cm) PaC

Parameter Small PaC (n = 41) Large PaC (n = 94) pc

5-year sur-
vival

median sur-
vival, months

pa 5-year sur-
vival

median sur-
vival, months

pb

Tumor differentiation
Well 23 (56%) 72 0.05 45 (48%) 59

<0.001
NS

Moderate 12 (29%) 20 10 (11%) 17 NS
Poor – – 0 (0%) 13 –

Angiolymphatic invasion
No 20 (49%) 45 NS 17 (18%) 19 0.01 0.02
Yes 9 (23%) 20 7 (8%) 15 NS

Perineural invasion
No 19 (46%) 60 NS 22 (23%) 21 0.01 NS
Yes 16 (37%) 20 9 (10%) 15 0.05

a Between subgroups of small PaC. b Between subgroups of large PaC. c Between small and large PaC.
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  In PaC, tumor differentiation has been found to be a 
prognostic factor in some studies  [3, 7, 20]  but not in oth-
ers  [5, 10, 11] . The subjective nature of the assessment of 
tumor differentiation may partly explain why it is not 
consistently the predominant prognostic indicator. A re-
cent study showed that tumor grading in the hands of 
expert pathologists using refined WHO criteria is an im-
portant independent prognostic factor  [21] . Criteria that 
relate to cellular and structural differentiation seemed to 
be more predictive than those related to proliferation. In 

our study, we had an excellent correlation of tumor stag-
ing and differentiation when slides were reviewed inde-
pendently by experienced gastrointestinal pathologists, 
suggesting that, in expert hands, evaluation of tumor 
stage and differentiation are reliable. However, one of the 
limitations of our study is that we were not able to study 
the immunohistochemical characteristics of these tu-
mors to further probe their biologic behavior. In addi-
tion, our study is also limited by a relatively small sample 
size, and therefore the finding that small PaCs are in gen-
eral, better differentiated than large PaCs needs to be 
confirmed in a larger cohort of patients.

  In conclusion, our study confirmed that small PaC has 
a better prognosis than large PaC. The better differentia-
tion and excellent survival of small PaC, even when met-
astatic, suggests that small PaCs may be more indolent. 
Future studies should be directed towards identifying 
factors that contribute to differences in biologic behavior 
among small and large PaC.
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Table 4. Multivariate analysis of factors influencing survival in 
PaC

Variables Hazard
ratio

95% CI p
value

Tumor size >2 cm 1.27 0.72–2.30 NS
Lymph node status 0.99 0.61–1.64 NS
Tumor differentiation

Well Reference group
Moderate 2.89 1.49–6.07 <0.01
Poor 6.53 2.81–15.91 <0.01

Angiolymphatic invasion 1.37 0.84–2.22 NS
Perineural invasion 1.50 0.91–2.53 NS
No adjuvant chemoradiation 0.91 0.43–2.21 NS
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  Fig. 1.  Effect of tumor differentiation on 
survival after resection of small ( ̂  2 cm) 
and large PaC ( 1 2 cm). Survival was simi-
lar between small and large PaCs with the 
similar degree of tumor differentiation
(p = NS), but was progressively worse with 
the decreasing degree of tumor differen-
tiation (p = 0.05 for small PaC and p  !  0.01 
for large PaC).   
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