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The term “neoadjuvant therapy” (NAT) is usually applied to 
a number of therapeutic modalities, which are administered 
before the surgical intervention in order to reduce tumor 
volume. Historically, preoperative therapy was used to 
convert inoperable tumor into surgically curable condition. 
In these situations, the physician actually does not have a 
choice between upfront surgery or therapy, therefore the 
use of non-surgical methods is the only possible option. 
If the therapy works well, the feasibility of consequent 
tumor removal becomes an issue for consideration: in some 

oncological disciplines surgery is regarded is an integral 
part of the treatment plan (1), while for other varieties of 
cancer the resection of residual tumor lumps is uncommon 
or perceived as a part of experimental medical science (2). 

It is often suggested to use more restrictive definition of 
NAT, i.e., to consider only those clinical situations, where 
the gross tumor mass can technically be excised, even for 
the price of organ loss or excessive perioperative risks, but 
the use of NAT remains just a clinical option. For a few 
decades, radiotherapy was the only therapeutic modality, 
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which could be applied before the surgical intervention, so 
the earlier NAT studies were limited to the evaluation of 
preoperative tumor irradiation (3). The invention of drug-
based therapy resulted in spectacular diversification of NAT 
options, bringing NAT virtually to all areas of oncology. 
Nowadays, NAT is utilized in clinical or investigational 
setting for the treatment of breast, ovarian, rectal, 
esophageal, head and neck, lung, prostate and many other 
cancer types (4-10). No animal model can fully recapitulate 
the complexity of human tumor biology, real-life cancer 
therapy and tumor surgery, therefore most of knowledge 
related to the clinical use of NAT arrives from the common 
sense and various clinical experiences.

Several assumptions underlie the utilization of NAT 
(Table 1). First, NAT provides an opportunity for an organ-
sparing surgery. Most of systematic NAT trials were 
performed on breast cancer patients, where the purpose 
of organ preservation was served mainly for cosmetic  
reasons (4). For many other cancer types the prevention 
of the loss of the affected organ is absolutely vital for the 

quality of life or for the long-term life expectancy of the 
patients: the examples include cancers of larynx, sarcomas of 
the limb, lung cancers etc. (7-9). Secondly, NAT may allow 
more safe surgical intervention. For example, many patients 
with advanced ovarian cancer may theoretically undergo 
complete tumor resection. However, if the tumor spread 
is extensive and/or the general condition of the patient is 
poor, the risk of perioperative mortality may outweigh all 
potential benefits. Furthermore, postsurgical complications 
usually result in the delay of the adjuvant therapy, which 
negatively impacts treatment outcomes (5). Thirdly, NAT 
is often advertised as in vivo test for drug sensitivity: the 
proponents of this viewpoint suggest, that if the tumor does 
not respond to the therapy in the very beginning of the 
treatment, there is still an option to change the therapeutic 
scheme (11). Instead, when surgery is applied upfront, many 
patients are likely to receive de facto inefficient adjuvant 
therapy, given that the administration of the latter is based 
not on the individual basis but on statistical considerations 
of the probability of the effect. Fourthly, there is a belief, 

Table 1 Pros and cons for neoadjuvant therapy and primary surgery

Pros and cons Neoadjuvant therapy Primary surgery followed by adjuvant therapy

Advantages May convert inoperable tumor to surgically curable 
condition 

Immediately removes the gross tumor bulk, thus 
significantly diminishing the population of potentially 
metastatic cancer cells and the probability of evolving 
drug-resistant clones 

May reduce the extent of surgery (preservation of 
the affected organ; lowering the risk of perioperative 
morbidity)

Reliable visual inspection of the tumor spread during 
surgery 

NAT allows to evaluate short-term response to a given 
therapy and change the treatment scheme if alternative 
options are available

Strong experimental evidences for potential efficacy of 
adjuvant therapy

Early control of systemic cancer disease

Excellent tool for translational research and accelerated 
approval of novel therapies

Disadvantages Persistence of gross tumor bulk during a few months 
of therapy may increase the probability of forming 
metastatic clones even in case of gradual tumor 
shrinkage 

Extensive interventions are associated with increased rate 
of surgical morbidity and mortality

NAT is usually mutagenic, therefore it may facilitate 
tumor evolution 

Adjuvant therapy is often delayed due to perioperative 
complications

May result in selection and expansion of resistant tumor 
clones

Adjuvant therapy is given without prior in vivo test

Small tumor foci may be missed during the surgery and 
therefore remain in the body
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that early therapeutic intervention may decrease the risk of 
distant metastases, by eliminating circulating tumor cells 
and interfering with the viability of the cells within primary 
tumor (12).

There are also sound arguments supporting the choice in 
favor of the upfront surgery in potentially operable tumors 
(Table 1). The removal of the gross tumor bulk dramatically 
decreases the number of tumor cells persisting in the body. 
Consequently, the probability of the emergence of drug-
resistant clones is believed to be decreased in the same 
proportion. As mentioned above, the visual inspection of 
the tumor bed is likely to be more reliable, as preceding 
treatment does convert tumor lumps into invisible foci. The 
application of full-dose therapy after the surgery may be 
particularly efficient if only residual amounts of tumor cells 
are left in the body (5,13).

In addition to purely clinical considerations, the use of 
NAT is influenced by the demands of medical research. 
Patients undergoing NAT are by definition treatment-naïve, 
therefore the evaluation of novel drugs in these subjects 
can be particularly informative. In case of drug-sensitive 
cancer diseases, short-term NAT is a preferred approach for 
the human trials even from the ethical perspective. Indeed, 
tumors undergo profound alterations in their biology during 
conventional treatment, so their profile of drug sensitivity 
may change to the opposite upon drug-induced selection 
of resistant clones. For example, tumor arising in BRCA1 
germ-line mutation carriers are platinum-sensitive in the 
chemonaive state, but even a short-term therapy results in 
the selection of clones with restored BRCA1 function (14). 
Accordingly, there is no biological rationale to evaluate new 
platinum compounds or PARP inhibitors in the second or 
third treatment lines, given that cisplatin or carboplatin 
are the gold standard for the first-line treatment. If one 
limits clinical trials of novel agents by heavily pretreated 
patients, there is a high probability that potentially efficient 
drugs will be missed by this approach. Evaluation of new 
compounds in the first-line therapy for metastatic cancer 
is complicated when some reasonably efficient standard 
options are available. NAT provides a good balance, where 
the experimental therapy can be subjected to a meaningful 
and rapid clinical assessment without significant risk of 
compromising the overall treatment outcomes. 

In addition to straightforward evaluation of tumor 
responsiveness to a given therapy, there is an opportunity 
to analyze treatment-exposed tumor and normal tissues by 
pathological and molecular tools (15). These considerations 
led to the inclusion of NAT trials in the FDA approval 

guidelines (16). It is also essential to consider, that NAT is 
likely to set somewhat higher standards for the acceptance 
of novel drugs. While clinical studies involving heavily 
pretreated patients are considered successful even if the 
survival in the experimental arm statistically exceeds the 
one in control arm just for a few days (17), many NAT 
trials define the pathologic complete response (pCR) as the 
only meaningful end-point. Although pCR is very difficult 
to achieve in some tumor types, for example in estrogen 
receptor positive breast cancer or in ovarian cancer, it is 
considered as a reliable indicator of complete elimination 
of tumor cells from the body and is strongly associated with 
the cure from cancer (5,18). Therefore, treatments resulting 
in high rates of pCR deserve the utmost attention from 
research community and clinical specialists. 

There are some general considerations regarding the 
role of therapeutic and surgical interventions, which are 
frequently discussed in the context of NAT, but could be 
interpreted both in favor of NAT and in favor of upfront 
surgery. Earlier oncological concepts relied on the linear 
model of cancer progression, where localized tumor is 
formed first, then metastasizes into regional lymph nodes 
and only then spreads to distant organs. Furthermore, 
canonical views on cancer pathogenesis considered tumor 
progression being almost entirely independent from the 
host factors. These assumptions have been subjected to 
significant revision during recent decades (19).

For example, it is beyond any reasonable doubt that 
micrometastases are often already present in the body 
even if the tumor is diagnosed on the early stage (19). 
Furthermore, metastatic cells may significantly differ in 
their properties from the cells residing in the primary  
tumor (20). It is unclear how these evidences may affect 
the choice between NAT and surgery. One could expect 
that even if the primary tumor undergoes shrinkage upon 
NAT, it does not directly imply that the same treatment 
will be equally effective in controlling distant disease. 
Furthermore, given that metastatic seeds in distant organs 
are present in a subset of patients at the time of surgery, it 
is unclear whether these patients could be reliably identified 
by available diagnostic tools, and how the mere presence 
of detectable micrometastatic disease would affect the 
sequence between surgery and therapy.

There are multiple evidences indicating that cancer cells 
dying from effective treatments, e.g., from irradiation or 
anticancer drugs, may somehow stimulate the growth of 
the remaining malignant clones, for example by secreting 
some tumor promoting factors (21,22). On a similar note, 
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multiple studies suggest that tumor microenvironment 
can be significantly altered by cancer therapy; these 
modifications are not neutral for the cancer growth, but 
can either speed up or slow down dissemination and 
proliferation of transformed cells (23-25). It is unclear how 
consideration of the status of tumor microenvironment 
may influence the choice between the NAT and the upfront 
surgery.

Surgery is often accompanied by massive dislodgement of 
cancer cells from primary tumor lump. Furthermore, surgical 
intervention was long suspected to stimulate the growth of 
otherwise dormant cancer cells (24-28). Recent research 
demonstrates, that the trauma-induced inflammation plays 
a primary role in this phenomenon (28). It is intuitively 
appealing to expect, that the tumor promoting effect is 
more likely in case of extensive surgery, that supporting 
the role of NAT which could minimize surgical trauma. 
However, there is a scarcity of experimental or clinical 
evidence supporting this oversimplified assumption. 

Recent developments in cancer medicine may lead 
to revision of the concept of neoadjuvant and adjuvant 
treatment. All treatments applied before mid 2000s were 
largely non-specific, thus the inability of radiotherapy or 
cytotoxic drugs to completely eradicate all tumor clones 
seemed to be an intrinsic limitation of these modalities. 
Recent decade provided a number of highly efficient drugs 
targeted against mutated kinases (EGFR, ALK, BRAF etc.). 
The inability of these drugs to cure advanced cancer can be 
easily explained by the emergence of drug-resistant clones 
within the gross tumor bulk. However, limited long-term 
clinical efficacy of these drugs in adjuvant or neoadjuvant 
setting is puzzling, as small amounts of disseminated 
mutation-bearing cells should, in theory, die within the very 
first days of targeted therapy (29). The role and the optimal 
timing of surgery in the treatment of localized and advanced 
mutation-positive cancers remains to be investigated.

Novel genetic technologies provide tools for the efficient 
detection of single transformed cells. There is an ongoing 
debate whether the surgery has to be performed in patients 
demonstrating pCR after NAT (30). The ironic reality is 
that the mere fact of pCR can be established only on the 
basis of thorough surgery, followed by comprehensive 
morphological inspection of the excised tissues. Next-
generation sequencing (NGS), polymerase chain reaction 
and some other methods can identify single mutated cells 
in the presence of excess of normal tissues (31). It is very 
attractive to develop diagnostic procedures, which would 
allow to identify patients with pCR before the surgery, and 

perhaps avoid unnecessary operation in a subset of cases. 
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