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Abstract

As one of the leading causes of death worldwide, research into new 
therapeutic cancer treatments has been at the forefront of medical 
study for several years. Yet chemotherapy remains the gold-standard 
treatment. Thus, its continued implementation and efficacy are 
important to consider. This review will discuss these aspects further. 
The author concludes that chemotherapy has both negative and 
positive value. Prescription is dependent on grade, stage and type 
of cancer, with some having greater benefit than others. More 
research is needed to address the issues of developing resistance and 
senescence, as well as a greater focus on chemotherapeutic use in 
metastatic disease. This research was accomplished by searching the 
term ‘chemotherapy’ on peer-reviewed journal databases for seminal 
reviews. This led to key terms for further research; ‘senescence,’ and 
‘cancer resistance.’ Studies were excluded if interventional data was 
not described in detail. Larger sample sizes were considered before 
smaller sample studies. 

Abbreviations

ATP – Adenosine Triphosphate
BAK – Homologous antagonist/killer protein
BAX – Apoptosis regulator protein 
BIM – Bcl-2 interacting mediator of cell death 
BCL – B-cell lymphoma 
CAF – Cancer associated fibroblasts 
CSC – Cancer stem cell 
CT – Chemotherapy
AT – Adjuvant chemotherapy 

ICT – Induction chemotherapy
NAT – Neoadjuvant chemotherapy
PCT – Palliative chemotherapy 
DAMPs – Damage associated molecular pathways 
EMT – Epithelial-mesenchymal transition 
HMGB1 – High mobility group box 1 
IFNy – Interferon gamma 
IL-(number) – Interleukin (number) 
MHC – Major histocompatibility complex 
MMP – matrix metalloproteinase 
NF-kB – Nuclear factor-kB 
PDGF – Platelet derived growth factor 
QOL – Quality of life 
ROS – Reactive oxygen species 
SASP – senescence-associated secretory phenotype 
STAT3 – Signal transducer and activator of transcription 3 
TME – Tumour Microenvironment
TNFSF4 – Tumour necrosis factor superfamily 4 
VEGF – Vascular endothelial growth factor

Introduction

Cancer involves the growth of abnormal cells within the body. 
With primary cancer, cells remain within the initial seeded organ 
creating a tumour. On the contrary, secondary cancer involves cells 
spreading beyond the initial organ via haematogenous, lymphatic 
or direct invasion; this process is known as the metastatic cascade. 
Local invasion allows intravasation of cancer cell aggregates into the 
circulatory system. After survival and subsequent adherence to the 
endothelial lining of the vasculature, these cells extravasate forming 
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micrometastasis which colonise to form macroscopic metastases.1 
This metastasis is limited according to primary tumour environment, 
summed up by the seed and soil hypothesis: metastasis depends on 
crosstalk between cancer cells (the ‘seeds’) and organ tissue tropism 
(the ‘soil’).2 

Once seeded, cancer cells proliferate to become highly heterogenous. 
Their contents are termed the tumour microenvironment (TME). 
These include tumour educated macrophages/neutrophils, cancer 
associated fibroblasts (CAFs) and disordered vasculature, all held 
within a modified extracellular matrix. These contents allow the TME 
to produce substances like vascular endothelial growth actor (VEGF), 
platelet derived growth factor (PDGF), and interleukin-10 (IL-10), 
which promote angiogenesis and immune suppression, encouraging 
disease dissemination.3

Chemotherapy (CT) is a cytotoxic therapy that non-selectively 
targets proliferating cancer cells. It is prescribed in one of four ways: 
induction (ICT), neoadjuvant (NAT), adjuvant (AT) and palliative (PCT) 
CT therapies. The difference between these therapies is timing. ICT 
describes CT as the primary treatment, used to achieve rapid tumour 
control. NAT involves shrinking the tumour prior to other treatments, 
whilst AT involves eliminating left over circulating tumour cells after 
primary treatment. PCT is used to improve quality of life through 
symptomatic control – it has no curative intent.

CT is prescribed across a variety of cancer types like lymphoma, 
breast and rectal.4 Various drug classes have been synthesised with 
different biochemical modalities. These include alkylating agents, 
antimetabolites, antimicrotubule agents and topoisomerase 
inhibitors (anthracyclines). Each drug class targets a different part 
of the cell cycle: Alkylating agents destabilise DNA; antimetabolites 
compete for/substitute key DNA metabolites; and anthracyclines/
topoisomerases inhibit enzymes involving DNA uncoiling.5-6 As such, 
polychemotherapy is often used to maximise treatment targets. 
CAPOX is one example which utilises oxaliplatin and capecitabine in 
the treatment of gastrointestinal cancers.7 This review will discuss the 
value of CT as a treatment modality, as well as the issues associated 
with its use.

Methodology

This research was accomplished by searching on journal databases 
like PubMed, Elsevier, and Google Scholar using the term 
‘chemotherapy’. Revision of seminal reviews led to key terms for 
further research; ‘senescence,’ and ‘cancer resistance.’ Only peer-
reviewed work published in English was included. Studies were 
excluded if their focus was outside the scope of the review or if the 
interventional treatment was not overtly described. All other studies 
were critically appraised using the 10-step guide produced by Young 
and Solomon.8

Therapy in four forms

Each of the four forms of CT have differing benefits and issues 
associated with their prescription. One benefit that applies to all four 
types of therapy is that it is non-selective: able to target different 
cells of the TME. By causing stress and apoptotic death to the cells, 
damage-associated molecular patterns (DAMPs) are released in 
the order of calreticulin, adenosine triphosphate (ATP) and high 
mobility group box 1 (HMGB1). They interact with corresponding 
receptors on dendritic cells to allow tumour antigen presentation 
with subsequent T-cell response. Anthracyclines are particularly 
effective in allowing calreticulin translocation, but this process of 
immunogenic cell death can be induced by Bleomycin, Gemcitabine, 
and Cyclophosphamide.5,9-10 This is particularly effective for cancers 
like acute myeloid leukaemia, with 60–85% of adults <60yrs achieving 
remission status after initial treatment.11

However, as dying tumour cells release cell-free chromatin, they also 
induce apoptosis and inflammation in phenotypically normal cells, 

leading to undesirable side effects.12 Tumour lysis syndrome – a life-
threatening complication of cancer treatment – is associated with 
an in-hospital mortality of 21%.13-14 Other side effects like mucositis 
and nausea/vomiting can be poorly tolerated, leading to early 
CT cessation. A study found that of 229 patients receiving CT for 
early breast cancer, 24% had early cessation of the therapy due to 
unwanted side effects. A further 18% and 27% had dose reductions 
and delays respectively, with lethal toxicity occurring in 38%. It is 
important to note that the retrospective and non-randomised nature 
of this cohort study limit the integrity of these results.15 Even so, this 
highlights how side effects from CT can potentially limit a patient’s 
quality of life (QOL). 

Regarding ICT, certain cancers respond particularly well due to their 
highly proliferative and heterogenous nature. A case review reported 
that out of 25 patients with choriocarcinoma, 17 had complete 
recovery after chemotherapy.16 A phase II trial similarly demonstrated 
that 85% of 197 patients with acute lymphoblastic leukaemia had 
complete remission for 29 months on a 5-drug regime containing 
cyclophosphamide, daunorubicin, vincristine, prednisone and 
L-asparaginase.17 Though not beneficial in every malignancy, they 
are an appropriate primary treatment in highly proliferative and/or 
system wide cancers such as leukaemia and lymphoma.

When CT is not an appropriate primary treatment, NAT can be used 
prior to any surgical approaches. This would be indicated in cancers 
with a solid malignancy, such as breast or lung adenocarcinoma. The 
BrighTNess randomised control trial (RCT) reported that out of 141 
stage II/III triple negative breast cancer patients deemed ineligible 
for conservation surgery, 75 were deemed eligible after NAT. This 
equates to 53.2%.18 Furthermore, a separate study indicated that 
NAT lowered positive margins from 21.8 to 15.5% in pancreatic 
head adenocarcinoma (p<0.0001). This indicates a promotion of 
better survival outcomes as positive margins are associated with 
poorer survival (HR 1.702 p<0.0001).19 As such, NAT is an appropriate 
treatment when surgical resection is the primary method of care. 
Other purported rationales for NAT include response assessment to 
treatment allowing early cessation when deemed ineffective and an 
improvement in patient survival.20 One study found that initiation 
of NAT was associated with a reduction in disease recurrence (HR: 
0.73, P=0.003) and mortality (HR: 0.67, P <0.001) when compared 
with surgery alone. This also included disease-free survival (73.1% vs 
64.5%) and 5-year overall survival (79.9% vs 72.6%).21 

Before the development of NAT, AT was the predominate form of CT, 
usually prescribed after surgical resection of a tumour to decrease 
the likelihood of disease recurrence. This has been proven by several 
different studies. The LACE collaborative group showed an absolute 
5-year benefit of 5.4% from the use of Cisplatin AT in non-small 
cell lung cancer, with benefits dependant on disease staging (1A: 
HR=1.40, 1B: HR=0.93, II: HR=0.83 etc.)22 Data analysis from 2000–
2009 has similarly shown that cancer mortality has declined by 13.8% 
with AT drug innovation (8%).23 An important point to note is that, 
as the name suggest, AT is used alongside other therapies. It can 
further be combined with NAT to increase survival, with one study 
6.3% increase in survival (p=0.005) of individuals with rectal cancer, 
compared to those who did not receive both.24 

What of PCT? A meta-analysis of 11 trials evaluating first-line CT 
treatment durations in metastatic breast cancer showed statistically 
significant differences in respect to shorter and longer durations. 
This was between hazard ratios (0.91, P=0.46) of overall survival and 
progression free survival (0.64, P= <0.001).25 The longer treatment 
lasted, the better the outcome for metastatic disease. Nonetheless, 
would this simply prolong the inevitable rather than improve 
QOL? A review of 13 studies by Akhlaghi et al noted that QOL was 
reduced when PCT was prescribed. Prolonged hospitalisation, 
invasive ventilation, and death in non-preferred environments were 
significantly more likely in patients continuing with PCT at end of life.  
QOL was increased when other needs like mental health, spiritual 
beliefs and management of symptoms were addressed.26 One 

Inspire Student Health Sciences Research Journal | Winter 2024/2025



could argue then that these aspects of care (usually addressed by a 
specialist palliative care team) are of greater significance to QOL than 
PCT.

The crux of the issue: developing resistance

One pitfall of CT to consider is treatment resistance. This can occur 
through the promotion of epithelial-mesenchymal transition (EMT), a 
process that involves cancerous epithelial cells gaining mesenchymal 
phenotypes through dissociation with E-cadherin protein. CT can 
upregulate Snail and Twist transcription factors that lower E-cadherin 
transcription, promoting further EMT through weakening cell 
adhesion, thus leading to greater potential for metastasis.27-28

Snail and Twist can further affect anti and pro apoptotic protein 
ratios like BCL-2: BAX, leading to resistance and proliferation via drug 
target alteration.29-30 This is particularly detrimental to epithelial-
based cancers. One study involving advanced melanoma showed 
an increase in overall survival rate of 72.9% with a 95% confidence 
interval when using immunotherapy drug Nivolumab versus 42.1% 
using CT dacarbazine. Progression free survival was 5.1 months for 
nivolumab versus 2.2 for dacarbazine with a P value of P<0.001.31

The process of anoikis refers to cells which undergo programmed cell 
death due to detachment from the extracellular matrix. Resistance 
to this process occurs through overactivation of Src tyrosine kinase 
(which is upregulated in cancer cells) by reactive oxygen species 
(ROS). This then leads to BIM protein degradation.30 BIM forms one 
of the pro-apoptotic members of the BCL2 family which allow the 
initiation of apoptosis. When degraded, it can no longer bind to 
the anti-apoptotic proteins of the same family (BCL2, BCLX etc), 
causing their levels to become elevated. This inhibits the effector 
pro-apoptotic proteins (Bax and Bak) from initiating apoptosis. Thus, 
uncontrolled growth of abnormal cells is promoted.32 CT promotes 
anoikis resistance by directly increasing the amount of ROS within the 
body. Drug classes like the anthracyclines, topoisomerase inhibitors 
and alkylating agents are all believed to produce the highest number 
of ROS.33-34

ROS can also cause non-specific DNA mutation in non-aberrant 
healthy cells. Any damage to regulatory genes on these can 
increase oncogene expression rate, allowing subsequent malignant 
transformation.35 Coupled with altered apoptosis, this can lead to an 
upsurge in metastatic potential.

Senescence 

Metastatic potential can be increased by CT through the mobilisation 
of inflammatory mediators and cancer stem cells (CSCs). Prostaglandin 
E2 is found in many cancers i.e. colon, lung and breast. When it is 
secreted by CT-induced dying cells, it promotes CSC proliferation.5 
CSCs have a naturally quiescent nature alongside apoptotic resistance 
and strong DNA repair abilities. The reliance on cell proliferation by 
CT means that they are more inherently resistant, able to escape 
destruction.33 Having strong damage response mechanisms like 
nucleotide excision and homologous recombination also allow the 
potential reversal of drug induced damage; these both would allow 
reversal of platinum-based drug damage.30

CAFs (derived from CSCs), secrete matrix metalloproteinase 3 (MMP) 
which degrades E-cadherin and promotes EMT.36 They also limit 
apoptosis and confer resistance, demonstrated in a study using 
increased gene tumour necrosis factor superfamily 4 (TNFSF4). This 
gene had a positive correlation with increased lung adenocarcinoma 
tumour size after CT with cisplatin. It also had increased expression 
by the CAFs after CT (n=58 p<0.0001) and was demonstrated to 
inhibit apoptosis and promote chemoresistance by activating the 
NF-kb /BCL-XL pathway. It is important to note that research into the 
role of TNFSF4 in tumour cells is some of the first of its kind. It must 
be approached with a level of optimistic caution until further peer 
review.37 

Furthermore, not every cell is destroyed by CT. Those that remain 
can instead become senescent. This is a natural consequence of 
CT due to the induction of DNA double-stranded breaks stopping 
cell proliferation.12,35,38 These senescent cells express inflammatory 
genes that are activated by NF-kB transcription factor allowing the 
production of several senescence-associated secretory phenotype 
(SASP) molecules. Examples include IL-1, IL-6, MMP-1 and MMP-
3.36 CT drugs like Cisplatin, 5-Fluorouracil and Mitomycin-C among 
others induce NF-kB, thus increasing chronic inflammation in the 
TME.35 This was demonstrated using doxorubicin. Dermal fibroblasts 
exposed to 250nM doxorubicin showed a sharp increase in 
senescence-associated B-galactose indicating increased senescent 
cell presence, alongside DNA damage from measured 53BP1 foci.39 
Though an initial stopgap for immediate cell proliferation in primary 
cancer, their accumulation alongside oncogene reprogramming 
from DNA damage can lead to tumorigenesis through the addition 
of CSC-like phenotypes.40 Pharmacological research in other cancer 
therapies specially aimed at reducing senescence could help mediate 
chemoresistance.

CT drugs like Paclitaxel and Cyclophosphamide can also cause the 
production of IL-6, one of the SASP molecules. This cytokine increases 
M2 macrophages levels which are involved with wound healing and 
cell proliferation. Furthermore, IL-6 is a potent immunosuppressant 
in the TME; it inhibits dendritic cells and induces T-regulatory cells 
(T-reg).35 One study regarding melanoma interestingly showed that 
low dose (1–2.5mg per mouse) cyclophosphamide reduced T-reg 
numbers even with increased IL-6. This however did not allow for 
greater survival. It also downregulated perforin concentration in 
cytotoxic T-cells diminishing their function (P<0.05). Most importantly, 
it promoted the accumulation of inflammatory factors like IL-5 and 
Interferon gamma (IFNy) (P <0.01) with cyclophosphamide treated 
mice over untreated same tumour-bearing mice.40 This increase 
in inflammation coupled with senescence and the process of 
immunoediting could explain the similar levels of survival between 
groups, thus painting CT as a poor adjunct in low dosages.

Combination therapy

What then is immunoediting and what is its significance? 
Immunoediting is a response of the immune system that involves 
three phases: elimination, equilibrium and escape. The immune 
system detects highly immunogenic cancer cells via restricted 
major histocompatibility complex II (MHC-II) antigen presentation 
to helper T cells. Cytotoxic T cells then quickly destroy these cancer 
cells via perforin-1/granzyme B, fas-ligand associated apoptosis 
and/or IFNy release. Natural Killer T cell activation occurs and 
protects against further metastasis of antigenically identical cells. 
However, more weakly immunogenic cells can escape detection and 
proliferate further, gaining more chemo-resistant and aggressive 
phenotypes.10,41 Tumours undergoing this process are described as 
‘cold,’ and difficult to treat with CT. How then can we transform them 
into immunogenically ‘hot’ tumours? 

Immunotherapy in combination with CT is showing promise 
amongst current literature. Studies reviewed by Salas-Benito have 
shown that pembrolizumab (a PD-1 inhibitor) combined with CT 
increased overall survival (HR 0.49; P <0.001) in non-small cell lung 
adenocarcinoma and squamous carcinoma (HR 0.64; P <0.001). Early-
stage triple negative breast cancer treated with Pembrolizumab 
and CT also noted a complete response rate of 64.8% versus 51.2% 
with monotherapy CT, a difference of 13.6% (P<0.001).42 Even so, 
immunotherapy has challenges that need addressed. Therapy-
related toxicities and ‘on target, off tumour’ responses leading to 
treatment failure are just some.43 Further research into this topic is 
outside the scope of this review but certainly worth considering.

Final thoughts

The rationale behind CT treatment in cancer is undeniable. With ICT, 
it has been proven to be relatively effective in highly proliferative 
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cancers. NAT also helps to improve survival outcomes through 
lowering positive margins and allowing greater patient inclusion in 
conservative surgery. AT has been used to help stop the reoccurrence 
of disease after primary treatment. As new drugs and treatments are 
discovered, more research is needed to see how AT (and NAT) fit in 
with this ever-changing oncological landscape. However, metastatic 
disease still eludes modern science. The actual processes behind how 
metastasis occur are only now beginning to be understood. Without 
this basic knowledge, PCT is yet to be used to the fullest. Currently, it 
remains to improve QOL in end-of-life care, which even then, research 
suggests is better done via other means – improving mental health 
etc. PCT is currently not used in a curative fashion but with greater 
research, one day it could be.
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