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Pancreatic cancer remains one of the most aggressive and lethal malignancies in
modern oncology and continues to pose a major clinical challenge worldwide.
Pancreatic ductal adenocarcinoma (PDAC) accounts for more than 90% of all pancreatic
malignancies and is characterized by rapid disease progression, early metastatic spread,
and resistance to many conventional treatment modalities. Despite representing a
smaller proportion of overall cancer incidence, pancreatic cancer ranks among the
leading causes of cancer-related mortality, with five-year survival rates remaining
below 15% in most populations. This unfavorable prognosis reflects a combination of
late diagnosis, complex tumor biology, and limited therapeutic effectiveness[4,12].
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Surgical resection is currently the only
potentially curative treatment for pancreatic
cancer. However, only a minority of patients
are diagnosed with resectable disease at
presentation. Even among those who undergo
curative-intent surgery, long-term outcomes
remain poor due to high rates of local
recurrence and distant metastasis. Traditional
treatment strategies have relied on upfront
surgery followed by adjuvant chemotherapy.
While adjuvant systemic therapy has
demonstrated survival benefits, its
effectiveness is often compromised by delayed
initiation, postoperative complications, and
reduced patient tolerance. As a result, a
significant proportion of patients fail to receive
or complete the planned adjuvant treatment,
limiting its impact on overall survival.

Another major challenge in pancreatic cancer
management is the early presence of
micrometastatic disease. Increasing evidence
suggests that systemic dissemination occurs at
an early stage of tumor development, even in
patients with radiologically localized disease.
This biological characteristic partially explains

the high recurrence rates observed after
surgery alone or surgery followed by adjuvant
therapy. Consequently, treatment strategies
that prioritize early systemic disease control
have gained increasing attention[11,15].

In this context, total neoadjuvant therapy
(TNT) has emerged as a promising and
evolving treatment paradigm for pancreatic
cancer. Total neoadjuvant therapy refers to the
administration of all planned systemic therapy,
with or without radiotherapy, before surgical
resection. This approach represents a shift in
treatment sequencing, emphasizing early
delivery  of chemotherapy to  target
micrometastatic disease and improve overall
treatment compliance. TNT has been
increasingly explored in patients with
borderline resectable and locally advanced
pancreatic cancer, as well as in selected cases
of anatomically resectable disease with high-
risk features.

The rationale for total neoadjuvant therapy in
pancreatic cancer is supported by several
clinical and  biological considerations.
Administering chemotherapy in the

Eurasian Medical Research Periodical

www.geniusjournals.org

Page | 27



Volume 51| December 2025

ISSN: 2795-7624

preoperative setting allows treatment to be
delivered when patients are generally in better
physical condition and more likely to tolerate
intensive  multi-agent regimens. Modern
chemotherapy = combinations, such as
FOLFIRINOX and gemcitabine-based protocols,
have demonstrated improved systemic control
compared with older regimens and have
become central components of neoadjuvant
strategies. Early systemic treatment also
provides an opportunity to assess tumor
responsiveness and disease biology, enabling
better selection of patients who are most likely
to benefit from surgical resection[11,14].

In addition to systemic disease control,
neoadjuvant therapy may improve local tumor
characteristics. Tumor downstaging, reduced
vascular involvement, and improved margin-
negative (RO) resection rates have been
reported following neoadjuvant treatment.
Achieving an RO resection is a critical
prognostic factor in pancreatic cancer and is
strongly associated with improved survival. By
increasing the likelihood of complete tumor
removal, TNT may contribute to better long-
term outcomes.

An important advantage of total neoadjuvant
therapy is its role as a biological selection tool.
Patients who experience disease progression
during neoadjuvant treatment are unlikely to
benefit from surgical intervention and can be
spared the morbidity of a major operation with
limited oncological value. Conversely, patients
who demonstrate disease stability or response
to therapy may proceed to surgery with a
higher probability of meaningful benefit. This
selection process is particularly relevant in
pancreatic cancer, where surgical morbidity is
substantial and postoperative recovery can be
prolonged[8,11].

Despite growing interest and encouraging
results, the role of total neoadjuvant therapy in
pancreatic cancer is still being actively defined.
Optimal patient selection, treatment duration,
sequencing of chemotherapy and radiotherapy,
and standardized response assessment remain
subjects of ongoing investigation. Moreover,
long-term survival data from randomized
clinical trials are still emerging, and the

integration of TNT into standard treatment
algorithms continues to evolve.

In light of these considerations, a
comprehensive analysis of total neoadjuvant
therapy in pancreatic cancer is highly relevant.
Understanding the rationale, effectiveness, and
limitations of TNT is essential for optimizing
treatment strategies and improving outcomes
in this highly aggressive disease. This article
aims to evaluate current evidence on the
effectiveness of total neoadjuvant therapy in
pancreatic cancer, focusing on oncological
outcomes, treatment feasibility, and future
directions in multidisciplinary
management[7,8].

Rationale for Total Neoadjuvant Therapy in
Pancreatic Cancer

The rationale for implementing TNT in
pancreatic cancer is grounded in the biological
and clinical characteristics of the disease.
Pancreatic cancer is associated with early
systemic dissemination, even in tumors that
appear localized on imaging. As a result,
micrometastatic disease is often present at
diagnosis, contributing to early relapse
following surgery.

Administering systemic therapy before surgery
allows earlier targeting of micrometastatic
disease and ensures that a greater proportion
of patients receive full-dose chemotherapy. In
contrast, postoperative adjuvant therapy is
frequently compromised by surgical morbidity,
delayed recovery, or deterioration in
performance status. Neoadjuvant treatment
also provides an opportunity to assess tumor
biology and treatment response, allowing for
better selection of patients who are most likely
to benefit from surgical resection[4,8].
Additionally, neoadjuvant therapy may result
in tumor downstaging, improved resectability,
and higher rates of margin-negative (RO)
resection. These factors are critical
determinants of long-term survival in
pancreatic cancer.

Treatment Strategies in Total Neoadjuvant
Therapy

Total neoadjuvant therapy (TNT) in pancreatic
cancer encompasses a range of treatment
strategies designed to deliver all planned
systemic  therapy, with or  without
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radiotherapy, before surgical resection. The
primary goals of TNT are early control of
micrometastatic disease, improvement in
treatment compliance, enhancement of tumor
resectability, and optimization of patient
selection for surgery. Given the aggressive
biology of pancreatic ductal adenocarcinoma
and the high risk of early systemic
dissemination, TNT has become an increasingly
important component of modern treatment
algorithms.

Systemic  chemotherapy represents the
cornerstone of total neoadjuvant therapy.
Contemporary TNT protocols most commonly
employ multi-agent chemotherapy regimens
with proven efficacy in pancreatic cancer, such
as  FOLFIRINOX or gemcitabine-based
combinations. These regimens are typically
administered over several cycles in the
preoperative setting, allowing for early
systemic disease control at a time when
patients generally have better performance
status and greater tolerance to intensive
treatment. The choice of chemotherapy
regimen is influenced by tumor stage, patient
fitness, comorbidities, and institutional
experience[12,15].

In patients with borderline resectable or locally
advanced pancreatic cancer, induction
chemotherapy is frequently used as the initial
component of TNT. Induction chemotherapy
aims to achieve tumor stabilization or
regression, reduce vascular involvement, and
improve the likelihood of subsequent surgical
resection. Treatment response is commonly
assessed using cross-sectional imaging and
tumor markers such as carbohydrate antigen
19-9 (CA19-9). Favorable response or disease
stability following induction chemotherapy
supports consideration of surgical exploration,
whereas disease progression may prompt
continuation of systemic therapy or a shift
toward palliative management.

Radiotherapy may be incorporated into TNT
protocols in selected patients, particularly
those with persistent vascular involvement or
high risk of local progression.
Chemoradiotherapy or stereotactic body
radiotherapy is typically administered after
induction chemotherapy and before surgery.

The rationale for adding radiotherapy is to
enhance local tumor control, increase the
probability of achieving margin-negative
resection, and reduce the risk of locoregional
recurrence. However, the role of radiotherapy
within TNT remains controversial, and its use
varies across institutions due to limited high-
level evidence supporting a universal
benefit[11,14].

The sequencing of chemotherapy and
radiotherapy within TNT is individualized
based on disease characteristics and treatment
response. Some protocols prioritize prolonged
induction chemotherapy followed by selective
use of radiotherapy, while others incorporate
chemoradiotherapy more routinely. The
optimal sequencing strategy has not been
definitively established, and ongoing clinical
trials continue to evaluate different approaches
to maximize oncological outcomes.

An important aspect of TNT is the timing of
surgical resection. Surgery is typically
considered after completion of neoadjuvant
therapy in patients who demonstrate disease
control, absence of progression, and adequate
performance status. Neoadjuvant treatment
may result in significant tumor fibrosis, which
can complicate surgical dissection; however,
available evidence suggests that TNT does not
significantly increase perioperative morbidity
or mortality when performed in experienced
centers. Achieving an RO resection remains the
primary surgical objective, as it is strongly
associated with improved survival[3,8].

Total neoadjuvant therapy strategies have also
facilitated improved patient selection for
surgery. By exposing tumor biology prior to
resection, TNT helps identify patients with
aggressive disease who are unlikely to benefit
from surgery. This approach reduces the risk of
non-therapeutic laparotomy and allows more
appropriate allocation of surgical resources.

In summary, treatment strategies in total
neoadjuvant therapy for pancreatic cancer are
characterized by early and intensive systemic
chemotherapy, selective integration of
radiotherapy, and individualized sequencing
based on treatment response. TNT represents a
shift toward a more biologically informed and
patient-centered approach, aiming to improve
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resectability, survival outcomes, and overall
treatment  effectiveness in  pancreatic
cancer|[2,8].

Tumor Response and Resectability

One of the primary measures of TNT
effectiveness in pancreatic cancer is the rate of
successful  surgical resection following
neoadjuvant treatment. Multiple studies have
demonstrated that TNT increases the
proportion of patients who undergo curative-
intent surgery, particularly among those with
borderline resectable or locally advanced
disease at presentation[1,7].

Neoadjuvant therapy has been associated with
improved RO resection rates, reflecting better
local tumor control and reduced involvement
of critical vascular structures. Pathological
response, although less frequently complete
compared to rectal cancer, has been correlated
with improved survival outcomes. Importantly,
patients who demonstrate disease progression
during TNT are spared non-beneficial surgery,
highlighting the role of TNT as a biological
selection tool.

Survival Outcomes

The impact of TNT on survival outcomes in
pancreatic cancer has been increasingly
supported by clinical evidence. Several
retrospective analyses and prospective trials
have reported improvements in overall
survival and progression-free survival among
patients receiving neoadjuvant therapy
compared with those treated with upfront
surgery.

By addressing systemic disease earlier and
increasing the likelihood of complete resection,
TNT has the potential to extend survival in a
disease historically associated with dismal
outcomes. While randomized data are still
evolving, emerging evidence suggests that TNT
may represent a superior strategy, particularly
for patients with high-risk disease features.
Treatment Compliance and Toxicity

A key advantage of TNT is improved
compliance with systemic therapy. Patients are
more likely to tolerate and complete
chemotherapy prior to surgery, when their
functional status is generally better. Although
neoadjuvant chemotherapy is associated with
treatment-related toxicity, most adverse events

are manageable with appropriate supportive
care.

Importantly, TNT does not appear to
significantly increase perioperative morbidity
or mortality. Surgical outcomes following
neoadjuvant therapy are comparable to those
observed with upfront surgery, supporting the
safety and feasibility of this approach.
Limitations and Challenges

Despite its advantages, TNT in pancreatic
cancer is not without limitations. Optimal
patient selection, treatment sequencing, and
duration of therapy remain areas of
uncertainty. Additionally, not all patients
respond favorably to neoadjuvant treatment,
and some may experience disease progression
that precludes surgical intervention.

The role of radiotherapy within TNT protocols
continues to be debated, and high-level
evidence supporting its routine use is limited.
Furthermore, the lack of standardized response
criteria and variability in treatment protocols
complicate comparisons across studies.

Future Perspectives

Future directions in TNT for pancreatic cancer
include the integration of molecular profiling,
biomarkers, and novel systemic agents to
refine treatment selection. Advances in
imaging, liquid biopsy, and immunotherapy
may further enhance the effectiveness of
neoadjuvant strategies. Ongoing randomized
trials are expected to clarify the optimal role of
TNT and establish evidence-based guidelines
for its implementation.

Conclusion

Total neoadjuvant therapy represents a
promising and evolving treatment strategy in
pancreatic cancer management. By delivering
systemic therapy prior to surgery, TNT
improves treatment compliance, enhances
tumor resectability, and provides early control
of micrometastatic disease. Current evidence
supports its effectiveness in improving surgical
and survival outcomes, particularly in
borderline resectable and locally advanced
pancreatic cancer. As research continues to
advance, TNT is likely to become an integral
component of  personalized treatment
strategies aimed at improving outcomes in this
highly aggressive malignancy.
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