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VISUAL ABSTRACT

Histopathological findings associated with prognosis and disease-free
survival in surgically resectable pancreatic ductal adenocarcinoma

Which histopathological factors predict a worse prognosis after resection?
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CENTRAL MESSAGE

Histopathological findings, particularly angiolymphatic invasion and
lymph node involvement, are associated with reduced overall survival
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Bras Cir Dig. 2026;39:¢1984. https://doi.org/10.1590/0102- in resected ductal adenocarcinoma of the pancreas, reflecting the im-
672020260000055¢1984. pact of tumor biology beyond traditional staging.
PERSPECTIVES

The systematic incorporation of qualitative histopathological variables,
such as the presence of angiolymphatic invasion and characteristics of
lymph node involvement, may improve prognostic stratification of
patients with ductal adenocarcinoma of the pancreas. These variables
can help identify higher-risk subgroups among patients with similar
pathological stages, supporting follow-up and adjuvant treatment in-
dividualization. Further studies are needed to validate their application
in clinical practice.
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Histopathological findings associated with prognosis in resected
ductal adenocarcinoma of the pancreas
Achados histopatoldgicos associados ao progndstico no adenocarcinoma ductal do pdncreas ressecado

Eva Valadares SOARES'!

INTRODUCTION

, Eduardo TOAZA! @@, Eduardo CAMBRUZZI'

ABSTRACT

Background: Ductal adenocarcinoma of the pancreas is among the most lethal neoplasms of the digestive tract. It is frequently diagnosed at advanced
stages and associated with limited overall survival, even after surgical resection with curative intent. Although pathological staging is fundamental for
prognostic stratification, patients with similar anatomical stages may have distinct clinical outcomes, suggesting that additional histopathological factors
influence disease evolution. Aims: This study aimed to assess the prognostic impact of histopathological variables on the overall survival of patients with
ductal adenocarcinoma of the pancreas who underwent surgical resection, with emphasis on lymph node involvement and angiolymphatic invasion.
Methods: This observational, retrospective study included patients who underwent surgical resection for ductal adenocarcinoma of the pancreas at
a tertiary hospital between 2017 and 2024. Clinical, anatomopathological, and therapeutic data were obtained by reviewing medical records and
histopathological reports. Overall survival was estimated using the Kaplan-Meier method, and prognostic factors were analyzed using univariate and
multivariate Cox regression models. Results: A total of 58 patients were included. Lymph node metastases were identified in approximately half of
the cases, and angiolymphatic invasion was frequently observed. During follow-up, more than half of the patients died. The median overall survival
was 19.63 months. In the univariate analysis, lymph node involvement, lymph node ratio, extranodal extension, and angiolymphatic invasion were
associated with worse overall survival. In the multivariate analysis, lymph node status maintained an independent association with worse prognosis, with
a progressive increase in risk according to nodal stage, as did angiolymphatic invasion. Conclusions: Lymph node involvement and angiolymphatic
invasion are independent prognostic factors associated with worse overall survival in resected ductal adenocarcinoma of the pancreas. Systematic
evaluation of these histopathological variables can support better prognostic stratification, helping individualize postoperative treatment.

Headings: Adenocarcinoma. Lymph Node Metastasis. Pancreatic Neoplasms. Pathology. Prognosis.

RESUMO

Racional: O adenocarcinoma ductal do pancreas estd entre as neoplasias mais letais do trato digestivo. E frequentemente diagnosticado em estddios
avangados e associado a uma sobrevida global limitada, mesmo apds ressecgdo cirtirgica com intengdo curativa. Embora o estadiamento patoldgico seja
fundamental para a estratificagao progndstica, pacientes com estddios anatdmicos semelhantes podem apresentar desfechos clinicos distintos, sugerindo
a influéncia de fatores histopatoldgicos adicionais na evolugdo da doenca. Objetivos: Este estudo teve como objetivo avaliar o impacto progndstico
de varidveis histopatolégicas na sobrevida global de pacientes com adenocarcinoma ductal do pancreas submetidos a ressecgdo cirtrgica, com énfase
no comprometimento linfonodal e na invasao angiolinfitica. Métodes: Estudo observacional e retrospectivo incluiu pacientes submetidos a ressecgo
cirtirgica por adenocarcinoma ductal do pincreas em um hospital tercidrio entre 2017 e 2024. Dados clinicos, anatomopatolégicos e terapéuticos
foram obtidos por meio da revisio de prontudrios e laudos histopatoldgicos. A sobrevida global foi estimada pelo método de Kaplan-Meier, e os
fatores prognésticos foram analisados utilizando modelos de regressao de Cox univariados ¢ multivariados. Resultados: O total de 58 pacientes foi
incluido no estudo. Metéstases linfonodais foram identificadas em aproximadamente metade dos casos, e a invasio angiolinfitica foi frequentemente
observada. Durante o seguimento, mais da metade dos pacientes obituou. A mediana de sobrevida global foi de 19,63 meses. Na andlise univariada,
o comprometimento linfonodal, a razio linfonodal, a extensdo extranodal e a invasio angiolinfitica associaram-se a uma pior sobrevida global. Na
andlise multivariada, o status linfonodal manteve uma associagao independente com pior prognéstico, com aumento progressivo do risco conforme o
estddio linfonodal, assim como a invasio angiolinfitica. Conclusées: O comprometimento linfonodal e a invasio angiolinfdtica sao fatores prognésticos
independentes associados a uma pior sobrevida global no adenocarcinoma ductal do pincreas ressecado. A avaliagio sistemdtica dessas varidveis
histopatoldgicas pode contribuir para uma estratificagio progndstica mais precisa, auxiliando na individualizagio do tratamento pés-operatorio.

Descritores: Adenocarcinoma. Met4stase Linfitica. Neoplasias Pancredticas. Patologia. Progndéstico.

ORIGINAL ARTICLE

Pancreatic cancers are among the most lethal tumors of the
digestive tract, largely because they are frequently diagnosed
at advanced stages'“'®. Overall survival remains limited even
when surgical resection is possible, reflecting the biologically
aggressive behavior of this tumor subtype!*?.

Ductal adenocarcinoma of the pancreas is the most fre-
quent histological form of pancreatic cancer and one of the

main causes of cancer-related death at this site'. Despite ad-

vances in surgical techniques and the progressive incorporation
of systemic therapies, oncological outcomes remain unsatisfac-
tory, with high rates of locoregional and distant recurrence after

surgical treatment®!®2%

. Surgical resection remains the only
therapeutic modality with curative potential'®'*®. However, a
significant proportion of patients experience disease progres-
sion even after complete resection, suggesting that factors re-
lated to tumor biology play a determining role in prognosis be-

yond the anatomical extent evaluated at the time of diagnosis’.
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Pathological staging using the TNM (Tumor, Node, and
Metastasis) system is a fundamental tool for prognostic strati-
fication of ductal adenocarcinoma of the pancreas. However,
it is predominantly based on anatomical criteria**. In clini-
cal practice, patients with similar pathological stages may have
different outcomes, underscoring the need to incorporate ad-
ditional parameters into traditional prognostic assessment®>%.

Histopathological findings play a central role in this re-
gard. Variables such as tumor differentiation, perineural in-
vasion, angiolymphatic invasion, lymph node involvement,
and surgical margin status are routinely evaluated in anatomo-
pathological reports and have been associated with different
patterns of recurrence and survival in pancreatic tumors. These
parameters provide accessible and reproducible information
with direct applications in diagnostic practice’”.

Deoxyribonucleic acid (DNA) repair system investigation
through mismatch repair (MMR), although classically asso-
ciated with other gastrointestinal malignancies, has been ex-
plored in ductal adenocarcinoma of the pancreas as a comple-
mentary marker?’. Although deficiency of this system is rare
in this tumor subtype, its identification has specific diagnostic
and therapeutic implications™.

This study aimed to assess the prognostic impact of his-
topathological variables on resected ductal adenocarcinoma
of the pancreas, with emphasis on lymph node involvement
and angiolymphatic invasion, as well as their association with
overall survival in a retrospective cohort of patients who un-
derwent surgical resection at a tertiary hospital.

METHODS

An observational, retrospective, analytical study based on a
systematic review of electronic medical records and anatomo-
pathological reports of patients who underwent surgical resec-
tion for conventional ductal adenocarcinoma of the pancreas
at a tertiary hospital in Rio Grande do Sul, Brazil. All cases
diagnosed from January 1, 2017, to December 31, 2024, with
at least one year of follow-up, were included.

Patients who underwent biopsy only because the disease
was unresectable at diagnosis, cases with histological variants
other than conventional ductal adenocarcinoma, and non-
ductal periampullary tumors were excluded. The final sample
consisted of 58 patients who underwent pancreatic resection.

The variables analyzed included age, sex, tumor loca-
tion, histological grade, tumor size, pathological stage, to-
tal number of resected lymph nodes, number of metastatic
lymph nodes, lymph node ratio (defined as the ratio of posi-
tive lymph nodes to the total number of evaluated lymph
nodes), presence of extranodal extension, surgical margin
status, presence of angiolymphatic invasion and perineural
invasion, and complementary treatment, including neoadju-
vant and adjuvant therapy. Extranodal extension was defined
as the presence of tumor invasion beyond the lymph node
capsule, as described in anatomopathological reports. Surgi-
cal margin status was free or compromised according to the
original reports.

MMR status, evaluated by immunohistochemistry, was in-
cluded when available in medical records, with assessment of
the expression of MutL homolog 1 gene (MLH1), postmeiotic
segregation increased 2 gene (PMS2), MutS homolog 2 gene
(MSH2), and MutS homolog 6 gene (MSH6). Cases were
classified as proficient (pMMR) or deficient (IMMR).

Overall survival was defined as the interval between the
date of surgical resection and the date of death or the last clini-
cal contact recorded in the medical record. Patients who were
alive or had no record of death at the last follow-up were con-
sidered censored for survival analysis.

Categorical variables were described using absolute and
relative frequencies, whereas continuous variables were de-
scribed using the median and interquartile range. Overall
survival was estimated using the Kaplan-Meier method,
and comparisons between groups were performed using the
log-rank test.

The impact of clinicopathological variables on overall
survival was assessed using univariate analysis with Cox re-
gression. Statistically significant or clinically relevant vari-
ables were included in a multivariate Cox regression model
to identify independent prognostic factors. Results are ex-
pressed as hazard ratios (HRs) with their respective 95%
confidence intervals (Cls). A statistical significance level of
p<0.05 was adopted. Analyses were performed using JASP/
Jamovi software.

The research protocol was approved by the Research Ethics
Committee at Grupo Hospitalar Concei¢ao and is registered

on Plataforma Brasil (CAAE no. 95014625200005530).

RESULTS

During the period analyzed in the study, 88 patients diag-
nosed with ductal adenocarcinoma of the pancreas were iden-
tified. Of these, 58 underwent surgical resection during the
study period and were included in the analysis.

The sample was predominantly composed of women
(56.9%). Most tumors were located in the head of the pan-
creas (87.9%) and had a moderately differentiated histological
grade (91.4%), with no cases of well-differentiated adenocar-
cinoma. Table 1 lists the main clinical, anatomopathological,
and therapeutic characteristics.

Perineural invasion was present in 46 patients (79.3%),
whereas angiolymphatic invasion was observed in 41 cases
(70.7%). Lymph node metastases (pN+) were identified in 29
patients (50.0%), being classified as pN1 in 23 cases (39.7%)
and pN2 in six cases (10.3%). Extranodal extension was ob-
served in six patients (10.3%). Surgical margins were free of
tumor in 51 patients (87.9%), whereas seven cases (12.1%)
had involved margins.

MMR system evaluation was performed in 19 patients
(32.8%), all of whom were classified as proficient (pMMR).
No cases of MMR deficiency (AIMMR) were identified.

During the follow-up period, 33 patients (56.9%) died.
The median overall survival was 19.63 months, as estimated by
the Kaplan-Meier method, with follow-up ranging from 0.95
to 46.15 months.

Kaplan-Meier analysis revealed a significant reduction in
overall survival in patients with lymph node metastasis, with
a progressively worse prognosis according to pN stage (log-
rank test, p<0.05) (Figures 1 and 2). Significant differences in
survival were also observed in the presence of angiolymphatic
invasion and parameters associated with higher lymph node
burden in the unadjusted analysis (Figure 3).

In univariate Cox regression analysis, pN status was
strongly associated with overall survival. Patients classified as
pN1 had a significantly higher risk of death than those clas-
sified as pNO (HR 16.97, 95%CI 5.45-52.79, p<0.001), as
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Table 1. Clinical and anatomopathological characteristics of
patients with ductal adenocarcinoma of the pancreas who
underwent surgical resection (n=58).

Median (interquartile range)

Survival Plot p<0.001

100% —

Without lymph nodal metastasis

Age (years)

64.0 (56.2-70.8)

Tumor size (cm)

32 (25-39)

<60 24 414
Age group (years) 60 34 86
Sex Women 33 56.9
Men 25 431
Head 51 87.9
Tumor location Body 4 6.9
Tail 5.2
Well-differentiated 0 0.0
Degree of Moderately difier | 53 91.4
differentiation
Poorly differenti- 5 846
ated
pT1 5 8.6
pT pT2 43 741
pT3 8 138
pNO 29 50.0
pN pN1 23 39.7
pN2 6 10.3
Lymph node Absent 29 50.0
metastasis Present 29 50.0
Surgical margin Negative (RO) 51 87.9
status Positive (R1) 7 121
Perineural invasion Present % 73
Absent 12 20.7
Angiolymphatic Present 41 70.7
Invasion Absent 17 29.3
Extranodal Present 6 10.3
extension Absent 52 89.7
Neoadjuvant Performed 6 103
therapy Not performed 52 89.7
Adjuvant therapy Performed 36 62.1
Not performed 22 379
Yes 23 396
Smoking No 14 24.1
Not reported 21 36.2
Yes 12 20.7
Alcohol abuse No 14 241
Not reported 32 55.2
MMR status Proficient (pMMR) 19 100
(n=19) Deficient (dMMR) 0 0

pT: pathological tumor stage; pN: pathological lymph node stage; MMR:

DNA mismatch repair.
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Figure 1. Comparison of Kaplan-Meier curves between pa-
tients with and without lymph node metastases.
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tients with and without angiolymphatic invasion.


http://creativecommons.org/licenses/by/4.0/

did those classified as pN2 (HR 31.21, 95%CI 7.84-124.18,
p<0.001). Angiolymphatic invasion was also associated with
worse overall survival in the univariate analysis (HR 4.61,
95%CI 1.61-13.21, p=0.004). The other variables, includ-
ing resection margin status, adjuvant therapy, age, sex, and
perineural invasion, were not significantly associated with
overall survival.

In multivariate analysis (Table 2), only pN status re-
mained an independent prognostic factor. Both pN1 (ad-
justed HR 18.75, 95%CI 4.96-70.82, p<0.001) and pN2
(adjusted HR 39.71, 95%CI 8.13-194.09, p<0.001) main-
tained a significant association with reduced overall sur-
vival. Angiolymphatic invasion, surgical margin status, and
adjuvant therapy did not maintain an independent associa-
tion after adjustment. Among patients with lymph node in-
volvement (pN+), the presence of extranodal extension was
evaluated exploratorily. There was a tendency toward reduced
overall survival in cases with extranodal extension compared
with those without this finding, although the difference was
not significant (p=0.162).

The multivariate analysis was adjusted for clinically rele-
vant variables and those with p<0.10 in the univariate analysis.
Pathological lymph node status was included as a categorical
variable (pNO, pN1, and pN2).

In multivariate analysis (n=58, 33 events), pN status was
independently associated with worse overall survival, with a
progressive increase in risk in the pN1 and pN2 categories
compared with pNO (p<0.001). Angiolymphatic invasion,
surgical margin status, and adjuvant therapy did not maintain
an independent association.

DISCUSSION

Conventional ductal adenocarcinoma of the pancreas pre-
dominantly presents as an infiltrative lesion of the pancreatic
head. It is more frequently diagnosed in men, particularly in
the presence of risk factors such as chronic pancreatitis, alcohol

Table 2. Overall survival analysis.

abuse, and smoking?**. Originating from the ductal epitheli-
um, this malignancy is often diagnosed at advanced stages and
characterized by aggressive biological behavior, with large le-
sions and involvement of peripancreatic tissues"*’. The results
of the present study reinforce this aggressive profile, evidenced
by the short overall survival observed even after surgical resec-
tion®”. These findings are consistent with previously described
clinical series, such as those of Jemal et al.!’ and Sohn et al.,
which demonstrated high mortality and early recurrence de-
spite therapeutic intervention.

Histopathologically, perineural and angiolymphatic inva-
sions were highly frequent, which are characteristics of ductal
adenocarcinoma of the pancreas®*'¢. Perineural invasion is rec-
ognized as an important mechanism of local tumor dissemi-
nation and a marker of biological aggressiveness, as described
by Iwasaki et al.” and Nozzoli et al.”” However, in the present
study, this finding was not significantly associated with over-
all survival, possibly reflecting limitations related to the small
sample size and the retrospective nature of the cohort, without
ruling out its relevance as a marker of local aggressiveness.

Angiolymphatic invasion showed a significant association
with worse overall survival in the univariate analysis, cor-
roborating its role as a marker of greater potential for tumor
dissemination and more aggressive biological behavior. How-
ever, this effect was not maintained after multivariate adjust-
ment'>'. This lack of significance suggests that its prognostic
influence is partially mediated by lymph node involvement, a
biologically plausible finding that has been widely described
in the literature. Thus, angiolymphatic invasion remains an
important histopathological marker of tumor aggressiveness,
although it was not an independent prognostic factor in the
present cohort!>.

Lymph node spread was identified as the main indepen-
dent prognostic determinant in the current study. A progres-
sive increase in the risk of death was observed according to the
extent of lymph node involvement, reinforcing its central role
in the prognostic stratification of ductal adenocarcinoma of

Univariate Cox analysis

pN1 vs. pNO 16.97 5.45-52.79 <0.001
PN pN2 vs. pNO 31.21 7.84-124.18 <0.001
Angiolymphatic invasion Present vs. absent 4.61 1.61-13.21 0.004
Surgical margin status R1 vs. RO 1.13 0.39-3.21 0.825
Adjuvant therapy Yes vs. no 0.68 0.34-1.36 0.272
Age (years) Continuous 0.98 0.95-1.02 0.291
Sex Men vs. women 140 0.71-2.79 0.332
Perineural invasion Present vs. absent 1.21 0.50-2.93 0.675

Multivariate analysis

pN1 (vs. pNO) 18.75 4.96-70.82 <0.001
pN2 (vs. pNO) 39.71 8.13-194.09 <0.001
Angiolymphatic invasion 0.95 0.27-3.41 0.940
Surgical margin status 0.19-1.77 0.341
Adjuvant therapy 0.58 0.32-1.33 0.244

HR: hazard ratio; Cl: confidence interval; pN: pathological lymph node stage.
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Table 3. Synthesis of studies that analyzed prognostic histopathological variables in ductal adenocarcinoma of the pancreas.

Angiolymphatic Lymph node Lymph node Degree of Impact on overall
invasion metastasis (PN) | extension* | differentiation survival

Lymph node involvement

Sohn et al.? 616 Not reported <0e80 1 Not reported Not reported associated with worse
(p<0.001) overall survival.
Yes Lymphatic invasion as an
Morita et al.™ 60 Yes (p<0.01) Not reported Not reported independent prognostic
(p<0.05) f
actor.
Ye Extensive perineural inva-
Nozzoli et al.” 117 Not reported <gs()5 Not reported Reported sion associated with worse
(p<0.05) overall survival.
Iwasaki et al.’ 80 Yes (p<0.05) Yes (p<0.05) Not reported Reported Neural nvaston aSSOCIa.ted
with worse overall survival.
. Yes High grade and pN1 as
22
Schlitter et al. 177 Not reported (p<0.001) Not reported G3 (p<0.001) independent factors.

*Lymph node extension, number of positive lymph nodes and/or lymph node ratio (when explicitly reported).

pN: pathological lymph node status.

the pancreas. These results are consistent with previously pub-
lished data and support the relevance of a systematic, detailed
lymph node evaluation in surgical pathology'>!71920-28,

Extranodal extension has been described as an addi-
tional marker of tumor aggressiveness in different solid neo-
plasms®!"?124, In the present study, its evaluation was limited.
It was not possible to include it in the multivariate model due
to the limited number of cases. Nevertheless, the observed
trend suggests a possible prognostic impact, underscoring the
need for investigation in larger series and studies specifically
designed for this purpose.

Although the lymph node ratio was significantly associated
with overall survival in univariate analysis, it was not included
in the final multivariate model because of collinearity with
other variables related to lymph node status. This method-
ological approach aimed to avoid overestimation of prognos-
tic effects and ensure greater stability of the statistical model,
prioritizing independent and clinically interpretable variables.

Regarding surgical margin status, most patients underwent
resections with negative margins. Although traditionally con-
sidered a relevant prognostic factor'?#*2!, studies such as the
one by Verbeke and Gladhaug? suggest that, in ductal adeno-
carcinoma of the pancreas, the biological aggressiveness of the
disease often has a more determining impact on clinical evolu-
tion than isolated margin involvement, which may explain tu-
mor recurrence even after resections are considered complete.

Evaluation of the MMR system did not identify cases
of deficiency in the study sample. This finding is consistent
with previous studies demonstrating a low prevalence of this
phenotype in ductal adenocarcinoma of the pancreas>**".
Although rare, the presence of specific molecular alterations
may be associated with distinct prognostic subgroups, as de-
scribed by Schlitter et al.?2, reinforcing the complementary
role of molecular evaluation in characterizing these tumors.

Some limitations should be considered when interpreting
the results, including the single-center nature of the study and
the relatively limited number of eligible cases. Nevertheless,
sample histological homogeneity and systematic analysis of
relevant histopathological variables confer consistency and ro-
bustness to the findings.

In summary, the results of this study indicate that pN
status is the main independent prognostic factor for overall
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survival in resected ductal adenocarcinoma of the pancreas.
Angiolymphatic invasion, although associated with worse
prognosis in univariate analysis, appears to reflect a more ag-
gressive tumor phenotype closely related to lymph node in-
volvement. Systematically incorporating these parameters into
anatomopathological evaluation may favor better prognostic
stratification and help individualize therapeutic strategies.

As summarized in Table 3, the literature showed the prog-
nostic impact of lymph node involvement on ductal adeno-
carcinoma of the pancreas. Angiolymphatic invasion was less
frequently analyzed in isolation but, when evaluated, was asso-
ciated with worse overall survival, in agreement with the find-
ings of the present study.

CONCLUSIONS

The findings of this study confirm the aggressive behav-
ior of ductal adenocarcinoma of the pancreas, evidenced by
limited overall survival even among patients who underwent
surgical resection and adjuvant treatment.

Analysis of histopathological variables showed that pN
status was the main independent prognostic factor associated
with worse overall survival in the cohort studied, with risk in-
creasing with the extent of lymph node involvement.

Angiolymphatic invasion, although associated with worse
prognosis in univariate analysis, appears to reflect a more ag-
gressive tumor phenotype closely related to lymph node in-
volvement and was not an independent factor after multivari-
ate adjustment.

Despite the limitations inherent to the single-center, retro-
spective study design, the results underscore the central role of
surgical pathology in the prognostic stratification of resected
ductal adenocarcinoma of the pancreas. Prospective, multicenter
studies are needed to validate these findings and explore their
applicability to the individualization of therapeutic strategies.
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