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Abstract

Background and objectives: Pancreatic ductal adenocarci-
noma (PDAC) is an aggressive malignancy characterized by
distinct histological subtypes and a poor prognosis. Among
these, the micropapillary pattern, typically observed focally,
has been associated with worse outcomes in various can-
cers. This study aimed to evaluate the prognostic significance
of the micropapillary pattern in PDAC, focusing on its per-
centage within the tumor and its impact on overall survival.
Methods: A retrospective analysis was conducted on 71 pa-
tients with surgically resected PDAC. Micropapillary patterns
were categorized based on their percentage within the tumor
(220%) and compared to non-micropapillary cases. Demo-
graphic, clinical, and histological data, including tumor nod-
ule metastasis stage, tumor grade, peripancreatic fat tissue
invasion, and resection margin status, were analyzed. Sur-
vival data were assessed using Kaplan-Meier and Cox pro-
portional hazards models. A p-value < 0.05 was considered
statistically significant. Results: The cohort included 28 fe-
male and 43 male patients, with a mean age of 63.25 years.
Of the 71 cases, 23.9% (n = 17) exhibited a micropapillary
pattern. The median overall survival for the micropapillary
group was eight months, compared to 18 months for the
non-micropapillary group (p = 0.017). Multivariate analysis
revealed that the micropapillary group had an increased risk
of mortality (hazard ratio = 1.892, p = 0.042), independ-
ent of tumor nodule metastasis stage. Conclusions: Our
findings indicate that the micropapillary pattern, even when
present in as little as 20% of the tumor, serves as an inde-
pendent prognostic factor for decreased survival in PDAC.
Incorporating the percentage of the micropapillary pattern
into pathology reports could provide valuable insights into
the tumor’s biological behavior, potentially enhancing patient
management strategies.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive
malignant neoplasm characterized by histological subtypes
with distinct molecular and prognostic features, as well as
intratumoral heterogeneity and diverse morphological pat-
terns. According to the World Health Organization (WHO)
classification, these histological subtypes include adenosqua-
mous carcinoma, squamous cell carcinoma, colloid carcino-
ma, hepatoid carcinoma, medullary carcinoma, invasive mi-
cropapillary carcinoma, signet-ring cell (poorly cohesive cell)
carcinoma, undifferentiated carcinoma, and undifferentiated
carcinoma with osteoclast-like giant cells.! In conventional
PDAC, particularly in moderately differentiated tumors, cri-
briform, micropapillary, papillary, and gyriform morphologi-
cal patterns may be observed, often presenting in combina-
tion within resection specimens.1-3

The micropapillary pattern, characterized by papillary
projections without fibrovascular cores and tumor cells ap-
pearing to rest in stromal spaces, has also been observed
in tumors of the breast, ovary, bladder, and lung, where it
is strongly associated with aggressive behavior and lymph
node metastases.*6 In PDACs, this pattern is typically seen
focally but may rarely constitute the predominant histologi-
cal component. When the micropapillary pattern accounts for
>50% of the tumor, it fulfills the criteria for a diagnosis of
invasive micropapillary carcinoma (IMC).17:8 In addition to
studies reporting the poor prognostic significance of the mi-
cropapillary pattern in various organs, there are also studies
linking the presence of a focal micropapillary pattern in the
pancreas to lower survival rates.%10

PDACs are characterized by their poor prognosis and fatal
outcomes, with reported median survival ranging from 10 to
20 months following surgical treatment.!'-14 In resectable
cases, tumor stage has been identified as the most signifi-
cant prognostic determinant. Although various histological
features with prognostic significance have been described,
such as tumor grade, resection margin status, and peripan-
creatic fat invasion, none has demonstrated prognostic im-
portance comparable to staging.l12:15-18 At the same time,
recent studies indicate that high-grade patterns, such as mi-
cropapillary or other non-glandular patterns in PDACs, sig-
nificantly impact prognosis.®:10,19,20

The structural organization of the tumor and the propor-
tion of morphological components, including high-grade pat-
terns like micropapillary structures, are also relevant in this
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Table 1. Criteria used for morphological pattern subclassification and subcategorization of patterns

Pattern/Group Definition

Micropapillary pattern

Identified by papillary projections without fibrovascular cores,

where tumor cells appear to rest in stromal spaces.

Micropapillary group
Non-micropapillary group

Cases bearing 220% micropapillary pattern
Cases with <20% micropapillary pattern

context. Thus, in this study, we aimed to investigate the
relationship between the micropapillary pattern ratio and
prognosis in PDACs. Additionally, we sought to evaluate the
relationship between these parameters and other histological
and clinicopathological factors with known prognostic impor-
tance, particularly in relation to overall survival.

Materials and methods

Patient selection

Cases of pancreatic adenocarcinomas reported as conven-
tional PDAC and IMC were retrieved from the hospital data
processing system of Ege University. Special attention was
given to selecting patients who had undergone surgical re-
section by the same surgical team. Cases of PDAC contain-
ing other subtypes were excluded, as were cases in which
patients had received neoadjuvant therapy, due to potential
morphological changes caused by treatment. Ultimately, 71
patients were deemed suitable for inclusion in the study.
Demographic, radiological, and clinical data were obtained
from surgical resection files and electronic medical records.

Histopathologic analyses

Gross examination and sampling were conducted at the De-
partment of Medical Pathology, Ege University, using a stand-
ardized sampling protocol for all cases.

Tumors were sampled with one representative block per
centimeter of the tumor’s greatest diameter. Tissue sections
were fixed in 10% buffered formalin, embedded in paraffin,
sectioned at 4 ym, and stained with hematoxylin and eo-
sin. For each case, all hematoxylin and eosin-stained slides
were reviewed and re-evaluated for morphological pattern
analysis. Two pathologists (DN and CU) conducted the evalu-
ations. The micropapillary pattern was defined according to
previously established criteria for lung and breast carcino-
mas.*>21-23 The percentage of the micropapillary pattern
was recorded for each case by evaluating all tumor slides,
and the average percentage was noted. Cases were divided
into micropapillary and non-micropapillary groups based on
the percentage of the micropapillary pattern. Cases meet-
ing the criteria for invasive micropapillary carcinoma (=50%
micropapillary pattern) were included in the micropapillary
group. The classifications used for pattern evaluation and
subcategorization are detailed in Table 1.

The non-micropapillary group, serving as the control
group, consisted of classical PDAC cases exhibiting tubular,
cribriform, and solid patterns in some areas (Fig. 1). Histo-
logical subtypes defined by the WHO classification—such as
adenosquamous carcinoma, squamous cell carcinoma, col-
loid carcinoma, hepatoid carcinoma, medullary carcinoma,
signet-ring cell (poorly cohesive cell) carcinoma, undifferen-
tiated carcinoma, and undifferentiated carcinoma with osteo-
clast-like giant cells—were excluded from this study.

Histological parameters known to have prognostic signifi-
cance, including tumor grade (differentiation), retroperito-
neal resection margin status, and peripancreatic fat tissue in-

vasion, were also reassessed. Tumor grading was performed
according to the traditional WHO grading system, based on
the degree of glandular differentiation, mucin production,
mitotic activity, and nuclear features, with a combined as-
sessment of these components.

Statistical analyses

For all cases, demographic data (e.g., age and gender), tu-
mor nodule metastasis (TNM) stages, and histological pa-
rameters were included in the statistical analyses. Differenc-
es between variables were analyzed using an independent
t-test for continuous variables and a chi-square test for cat-
egorical variables.

The time between the date of surgery and either death or
the last follow-up was defined as overall survival (OS). Sur-
vival analysis was performed using the Kaplan-Meier meth-
od, and differences between groups were assessed using the
log-rank test. Additionally, univariate and multivariate Cox
proportional hazards regression analyses were conducted
for OS. All statistical analyses were conducted using SPSS
version 25.0 for Social Sciences. A p-value < 0.05 was con-
sidered statistically significant. Continuous variables with a
normal distribution (e.g., age) are expressed as means with
standard deviations, while categorical variables are present-
ed as percentages.

Results

Overall patient characteristics

The clinicopathological characteristics of the overall study
population are summarized in Table 2. The mean age of the
patients was 63.25 years. The female-to-male ratio was
1:1.54, with 28 females and 43 males.

Regarding TNM staging, 21.1% of the cases (n = 15) were
Stage I, 39.4% (n = 28) were Stage II, and 39.4% (n = 28)
were Stage III, with no cases in Stage IV. According to the
traditional WHO grading system, 8.5% of the cases (n = 6)
were Grade I, 73.2% (n = 52) were Grade II, and 18.3%
(n = 13) were Grade III. Retroperitoneal resection margin
positivity was observed in 53.5% of the cases (n = 38), while
peripancreatic fat tissue invasion was present in 91.5% of
the cases (n = 65).

Micropapillary group vs. non-micropapillary group

The micropapillary group consisted of 17 cases (23.9%), while
the non-micropapillary group included 54 cases (76.1%).
Representative images are provided in Figures 1 and 2, and
clinicopathological characteristics are summarized in Table 2.
No statistically significant differences were observed in terms
of age or gender distribution between the micropapillary and
non-micropapillary groups. However, the mean age of the
micropapillary group was slightly higher (66.4 £ 2.4 vs. 62.3
+ 1.3, p = 0.124). The distribution of patients according to
the TNM stage classification for both groups is shown in Ta-
ble 2, with no statistically significant differences between the
groups (p = 0.529). Regarding tumor grading based on WHO
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Fig. 1. Representative images of pancreatic ductal adenocarcinoma (PDAC) showing tubular (a; hematoxylin and eosin (H&E), x20), cribriform (b;
H&E, x10), and solid (c; H&E, x10) growth patterns observed in selected areas.

criteria, in the micropapillary group, 76.5% of cases (n = 13)
were Grade II, and 23.5% (n = 4) were Grade III, with no
cases classified as Grade I. No statistically significant differ-
ences were observed between the micropapillary pattern and
tumor grade distribution (p = 0.324).

Retroperitoneal resection margin positivity was more fre-
quent in the micropapillary group compared to the non-mi-
cropapillary group (70.6% vs. 48.1%), but this difference
did not reach statistical significance (p = 0.163). Similarly,
peripancreatic fat tissue invasion did not show a statistically
significant difference between the groups (p = 0.662). When
the two groups were compared in terms of lymph node me-
tastasis, 13 out of 17 cases (76.5%) in the micropapillary
group and 38 out of 54 cases (70.4%) in the non-micropap-
illary group exhibited lymph node metastasis. Consequently,
no significant differences were observed between the groups
regarding the presence of lymph node metastasis (p = 0.62).

Survival analysis

Survival data were available for all 71 patients. The estimat-
ed median survival time for the overall cohort was 15 months
(£1.993; 95% confidence interval (CI), 11.094-18.906).
The Kaplan-Meier analysis results for overall survival are
summarized in Table 2, and the univariate and multivariate
Cox regression analyses’ findings are outlined in Table 3.
Survival analysis of micropapillary group vs. non-
micropapillary group: Kaplan-Meier analysis revealed a
significant difference in overall survival between the micro-
papillary and non-micropapillary groups (Table 2, Fig. 3). Pa-
tients in the non-micropapillary group had a median survival
time of 18 months (£2.233; 95% CI, 13.623-22.377), while
those in the micropapillary group had a median survival time

of eight months (£2.903; 95% CI, 2.309-13.691), which
was statistically significant (p = 0.017). Regarding the one-
year survival rate, patients in the non-micropapillary group
had a rate of 68.2%, whereas those in the micropapillary
group had a significantly lower rate of 38.5% (p = 0.017)
(Fig. 3).

Cox proportional hazards regression analysis identified
significant prognostic factors for overall survival (Table 3).
Among the analyzed variables, the micropapillary group ex-
hibited a significantly increased risk of mortality, with a haz-
ard ratio (HR) of 1.886 (95% CI, 1.012-3.516; p = 0.046).

Regarding tumor stage, patients with stage III tumors had
a significantly higher risk of mortality compared to stage I
(HR = 2.307; 95% CI, 1.022-5.208; p = 0.044). Other fac-
tors, including age, gender, tumor grade, retroperitoneal re-
section margin status, and the presence of peripancreatic fat
invasion, were not significantly associated with overall sur-
vival (p > 0.05 for all).

The findings from the univariate and multivariate Cox re-
gression analyses, including TNM stage and the micropap-
illary group, are summarized in Table 3. Multivariate Cox
proportional hazards regression analysis demonstrated that
the micropapillary group independently influenced over-
all survival, with a significantly increased risk of mortality
(HR = 1.892; 95% CI, 1.025-3.493; p = 0.042) (Table 3).
TNM stage demonstrated a non-significant trend toward
an increased risk of mortality, with HRs of 1.346 (95% CI,
0.913-1.984; p = 0.134) for stage II and 1.417 (95% CI,
0.974-2.062; p = 0.069) for stage III.

These findings highlight the independent prognostic value
of the micropapillary pattern in predicting survival outcomes.

Survival analysis of micropapillary subgroups: With-
in the micropapillary group, 17 cases were further catego-
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Table 2. Comparison of clinicopathologic characteristics between micropapillary group and non-micropapillary group

n (%)
Total (n = 71) rnic;oj?;!;:illary group ::onu-:(i:r:pgzgllary 4
Age (mean £ SD) 63.3+ 1.2 66.4 + 2.4 62.3+ 1.3 0.124
Sex 0.572
Female 28 (39.4) 8 (47.1) 20 (37.0)
Male 43 (60.6) 9 (52.9) 34 (63)
TNM stage 0.529*
I 15 (21.1) 2 (11.8) 13 (24.1)
II 28 (39.4) 8 (47.1) 20 (37.0)
111 28 (39.4) 7 (41.2) 21 (38.9)
v 0 (0.0) 0.(0.0) 0 (0.0)
WHO tumor grade 0.324%*
I 6 (8.5) 0 (0.0) 6 (11.1)
I 52 (73.2) 13 (76.5) 39 (72.2)
111 13 (18.3) 4 (23.5) 9 (16.7)
Retroperitoneal RMI 38 (53.5) 12 (70.6) 26 (48.1) 0.163
Peripancreatic fat invasion 65 (91.5) 16 (94.1) 49 (90.7) 0.662*
Survival
EM survival (Mo) 15 8 18
SE (95% CI) 1.993 (11.094- 18.906) 2.903 (2.309- 13.691) 2.233 (13.623- 22.377)
Estimated one-year OS (%) 61.2 38.5 68.2

*The p-values marked with “*” are based on the Pearson Chi-Square test, while the others are calculated using Fisher’s exact test. **Log-rank test. CI, confidence interval;
EM, estimated median; Mo, months; OS, overall survival; RMI, resection margin invasion; SD, standard deviation; SE, standard error; WHO, World Health Organization.
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Fig. 2. Representative image of a case with a micropapillary pattern >20%.
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Table 3. Cox regression analysis for overall survival

Variables Univariate Multivariate
HR 95% CI p-value HR 95% CI p-value
Age 1.011 0.982-1.041 0.468
Gender
Female 1
Male 0.891 0.497- 1.600 0.700
TNM stage
I 1
I 1.855 0.815-4.221 0.141
111 2.307 1.022-5.208 0.044 1.417 0.974-2.062 0.069
WHO tumor grade
I 1
II 1.901 0.457-7.912 0.377
I1I 2.980 0.642-13.841 0.163
Retroperitoneal RMS
Negative 1
Positive 1.513 0.857-2.669 0.153
Peripancreatic fat invasion
Absent 1
Present 2.663 0.820-8.655 0.103
Non-micropapillary group 1
Micropapillary group 1.886 1.012-3.516 0.046 1.892 1.025-3.493 0.042

CI, confidence interval; HR, hazard ratio; RMS, resection margin status; TNM, tumor nodule metastasis; WHO, World Health Organization.

rized into two subgroups: those with a micropapillary pat-
tern comprising 250% of the tumor (IMC) and those with a
micropapillary pattern between 20% and 50%. Of these, six
cases comprised the =50% group, while 11 cases constituted

0.8

0.6

0.4

Overall Survival (%)

0.2

0.0

the 20%-50% group. Kaplan-Meier analysis showed the esti-
mated median survival for the groups with <20%, 20-50%,
and >50% micropapillary patterns to be 18 months (£2.233;
95% CI, 13.623-22.377), 14 months (£4.265; 95% CI,
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Fig. 3. Kaplan-Meier analysis of overall survival comparing the micropapillary and non-micropapillary groups.
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Fig. 4. Kaplan-Meier analysis of overall survival among three groups based on the micropapillary pattern: <20%, 20-50%, and =50%.

5.641-22.359), and five months (£1.993; 95% CI, 1.094-
8.906), respectively. This difference was statistically signifi-
cant (p = 0.041). The Kaplan-Meier overall survival analysis
for these three groups is illustrated in Figure 4. In the analy-
sis comparing the 20-50% and =50% groups, the difference
in survival was not statistically significant (p = 0.610).

Discussion

In this study, we aimed to evaluate the prognostic signifi-
cance of the micropapillary pattern, even when observed fo-
cally, in PDAC within a well-defined cohort of patients charac-
terized by the absence of prior treatment, surgical resection,
and standardized macroscopic evaluation. The micropapillary
group comprised 23.9% of the patients. There were no sig-
nificant differences between the micropapillary and non-mi-
cropapillary groups regarding age, gender, TNM stage, WHO
grade, retroperitoneal resection margin status, or peripan-
creatic fat tissue invasion. However, the micropapillary group
exhibited significantly shorter median survival, an increased
risk of mortality, and a lower one-year OS rate.

The micropapillary pattern was first identified in breast
tumors and subsequently in other sites, including the ova-
ry, breast, bladder, and lung, with studies confirming its
association with aggressive behavior and lymph node me-
tastases.46:23 Studies of lung adenocarcinomas, like PDAC,
emphasize their highly heterogeneous nature with diverse
morphological patterns. Among these, the micropapillary
pattern is considered high-grade and holds prognostic signifi-
cance, with subgroups of micropapillary pattern also being
described.21:22.24 The micropapillary pattern has also been
described in PDAC, typically observed focally. However, when
it represents the dominant pattern (=50%), it warrants a
diagnosis of invasive micropapillary carcinoma.l7.® Cases of
pure micropapillary patterns in pancreatic tumors have also
been reported.82>

In a study by Khayyata et al.,'° pancreatic ductal adeno-
carcinomas with at least 20% micropapillary patterns (com-

prising 4% of cases) demonstrated a median survival of eight
months (mean 17 months; confidence interval of six to ten
months), slightly worse than that of conventional PDACs
(median 13 months, mean 20 months), though the differ-
ence was not statistically significant. In another study, Ryota
et al.?® reported a 5.8% frequency of patients with invasive
micropapillary components, where the micropapillary pattern
constituted less than 20% of the tumor in all cases. They
noted that a micropapillary pattern of less than 20% did not
significantly impact prognosis.26

In our study, PDAC cases with at least 20% micropapillary
patterns comprised 23% of the cohort. The median survival
for these cases was eight months, aligning with the find-
ings of Khayyata et al.,1° and this difference was statistically
significant. Furthermore, multivariate Cox proportional haz-
ards regression analysis demonstrated that the micropapil-
lary pattern with =20% involvement significantly impacted
overall survival, independent of TNM stage. These findings
highlight that the micropapillary pattern, even when present
focally (220%), is an independent prognostic risk factor, dis-
tinct from TNM stage, which remains the strongest prognos-
tic indicator for resectable cases.

Various histological features with prognostic significance
have been described, including tumor grade, mitotic count,
and major vessel and perineural invasion, but none have
shown prognostic importance comparable to staging.!15-17
Tumor grading, based on glandular differentiation (e.g., glan-
dular structures vs. solid growth), mucin presence, nuclear
pleomorphism, and mitotic activity, is considered an inde-
pendent prognostic variable.!.9:27

Resection margin status has also been identified as a
prognostic factor and was described in one study as an in-
dependent factor in the absence of tumor grade and nodal
status.10 Another study identified peripancreatic fat invasion
as an independent predictor of poor prognosis following pan-
creaticoduodenectomy for PDAC.18

In our analyses, tumor stage was associated with statis-
tically significant prognostic outcomes, while tumor grade,
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retroperitoneal resection margin positivity, and peripancre-
atic adipose tissue invasion were not. Cox regression analysis
revealed HRs of 1.901 (95% CI, 0.457-7.912) for Grade 2
and 2.980 (95% CI, 0.642-13.841) for Grade 3 using the
conventional WHO grading system. Although these findings
indicated a stepwise increase in prognostic risk, the differ-
ences were not statistically significant. These results indicate
that the presence of the micropapillary pattern in at least
20% of the tumors may serve as a prognostic factor, poten-
tially offering additional insights compared to the traditional
WHO grading system, which may vary among pathologists.
To minimize potential bias in determining prognostic factors,
we included only patients who underwent surgery performed
by the same surgical team. However, the small size of our
study cohort is a limiting factor. The frequency of the mi-
cropapillary growth pattern in pancreatic cancer reported in
our study was unexpectedly higher than in previous reports.
This discrepancy may stem from the small cohort size or
variations in defining the micropapillary pattern and other
histopathological subgroups among different studies. In our
study, we defined the micropapillary pattern as described in
lung and breast carcinomas.

Studies comparing the traditional three-tiered WHO grad-
ing system with alternative systems have been reported. Ad-
say et al.° proposed a grading system based on glandular
differentiation, akin to the Gleason grading system. In their
classification, well-differentiated glands were categorized as
pattern 1, fused and irregular structures with multi-luminal
features (including the cribriform pattern) as pattern 2, and
solid, single cells or nests of non-glandular structures as
pattern 3. Tumors were then categorized into three grades
based on predominant and secondary patterns. Median sur-
vival was 17 months for Grade 1, 14 months for Grade 2,
and seven months for Grade 3. In contrast, the WHO grad-
ing system applied to the same cases did not demonstrate
a similarly clear prognostic correlation. In their system, the
micropapillary pattern was included in the non-gland-form-
ing group, aligning its prognostic data with the findings of
Khayyata et al. and our study.®10 Kalimuthu et a/.'° high-
lighted that glandular versus non-glandular differentiation
provided stronger prognostic insights than the WHO grading
system, particularly for moderately differentiated tumors.
They noted that a glandular versus non-glandular distinc-
tion based on >40% gland formation demonstrated a clear
survival difference, better reflecting tumor biology and cor-
relating with transcriptional subtypes.!?

Therefore, we believe that morphological pattern analyses
in pancreatic ductal adenocarcinomas may reflect the bio-
logical behavior of the disease. We recommend that the pres-
ence of the micropapillary pattern, even when focal, should
be noted in pathological reports, as it may hold significant
value in patient follow-up and treatment planning.

Conclusions

Our findings demonstrate that the micropapillary pattern,
even when present in as little as 20% of the tumor, is an
independent prognostic risk factor for reduced survival, ir-
respective of TNM staging. Specifically, incorporating the
percentage of the micropapillary pattern could provide more
accurate insights into the tumor’s biological behavior and
improve patient management strategies. Reporting the per-
centage of the micropapillary pattern in pathology reports
could be beneficial for monitoring the patient’s clinical course.
Further studies are warranted to validate these findings and
to explore the integration of pattern-based grading systems
into clinical practice to better predict outcomes and guide

treatment decisions in PDAC patients.
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