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Abstract

Despite the importance of chemotherapy-associated adverse events 
in oncology practice and the broad range of interventions available 
to mitigate them, limited systematic efforts have been made to 
identify, critically appraise and summarize the totality of evidence on 
the effectiveness of these interventions. Herein, we review the most 
common long-term (continued beyond treatment) and late or delayed 
(following treatment) adverse events associated with chemotherapy 
and other anticancer treatments that pose major threats in terms  
of survival, quality of life and continuation of optimal therapy.  
These adverse effects often emerge during and continue beyond the 
course of therapy or arise among survivors in the months and years 
following treatment. For each of these adverse effects, we discuss and 
critically evaluate their underlying biological mechanisms, the most 
commonly used pharmacological and non-pharmacological treatment 
strategies, and evidence-based clinical practice guidelines for their 
appropriate management. Furthermore, we discuss risk factors and 
validated risk-assessment tools for identifying patients most likely  
to be harmed by chemotherapy and potentially benefit from effective 
interventions. Finally, we highlight promising emerging supportive-
care opportunities for the ever-increasing number of cancer survivors 
at continuing risk of adverse treatment effects.
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increasing financial burden (or ‘financial toxicity’) associated with 
anticancer treatment remains an important concern. We discuss risk 
factors for each of these adverse events along with recommendations 
drawn from evidence-based guidelines for their mitigation. Although 
the long-term and late adverse effects discussed herein are often asso-
ciated with chemotherapy, they can also occur with other forms of 
anticancer treatment, including endocrine therapy, targeted agents 
and immunotherapies. Finally, we highlight the fact that optimal imple-
mentation of the recommendations aimed at improving HR-QOL in 
survivors requires consistent care coordination and overall general 
health promotion among all health-care stakeholders.

Cancer-related fatigue
Background
CRF is one the most burdensome and long-lasting complications 
of cancer and cancer treatment3. CRF is commonly experienced by 
patients as a persistent sense of physical, emotional and/or cogni-
tive exhaustion. The reported prevalence of fatigue during cancer 
treatment depends upon patient characteristics and type of treatment 
received as well as on the assessment tool used, and can range from 
25% to nearly 100%, with 30–60% of patients reporting moderate-to-
severe fatigue during treatment4. CRF commonly first occurs during 
treatment with increased cumulative intensity after repeat exposure 
to anticancer therapies. These symptoms often improve within months 
of ending therapy. In some patients, however, symptoms can persist 
well beyond the completion of treatment5 for years and have been 
reported in a variety of malignancies, with a prevalence of 23–49% in 
cancer survivors6–9. CRF is rarely improved by rest or sleep and is one 
of the most common distressing symptoms experienced by patients 
with cancer receiving chemotherapy, affecting HR-QOL and, when 
severe, treatment administration10–15.

The precise aetiology of CRF remains unclear. Possible mecha-
nisms include dysregulation of various pathways, including 5-HT 
neurotransmitters, vagal signalling, muscle and ATP metabolism, the 
hypothalamic–pituitary–adrenal axis, circadian rhythms, and activa-
tion of pro-inflammatory cytokine cascades16–18. Strong associations 
between sleep alterations and affective symptoms in patients with 
cancer have been reported. Impaired sleep, mood and lower physical 
activity at the last treatment are predictive of persistent CRF 1 year after 
completion of treatment in cancer survivors19,20.

Cancer survivors with CRF have significantly higher serum levels 
of pro-inflammatory cytokine markers than survivors without fatigue 
or healthy individuals21. Cytokines such as C-reactive protein (CRP), 
IL-1 receptor antagonist protein, IL-1β, IL-6, interferons, soluble TNF 
receptor 2 (sTNFR2) and TNF can induce neuroinflammatory changes 
that promote CRF, although the exact mechanisms remain to be fully 
elucidated4,21,22. Increased cytokine activity might be the result of tissue 
damage after chemotherapy, and whether this cytokine activity induces 
or just exacerbates CRF is not fully understood. Serum levels of these 
cytokines (particularly sTNFR2), can remain persistently elevated 
in patients who have completed primary therapy and continue to 
experience CRF12,23.

Risk factors
CRF has multiple and complex causes, including demographic, clini-
cal, biological, behavioural and socioeconomic factors4,24 (Fig. 1a). 
Emerging evidence suggests an underlying inflammatory aetiology for 
CRF, with elevated serum levels of inflammatory mediators in patients 
prior to, during and following treatment. Disruptions in the central 

Key points

 • Chemotherapy-associated adverse events (CAAEs) and those 
associated with other anticancer treatments place a high burden 
on patients, with a direct effect on symptoms, health-related quality 
of life and function, but also compromising treatment intensity and 
continuation, potentially increasing the risk of cancer recurrence.

 • Similar to acute CAAEs, long-term and late CAAEs are frequently 
multifactorial in nature, and often adversely affect multiple dimensions, 
including physical, emotional and social functioning domains.

 • Innovative symptom monitoring, patient communication, and 
educational tools and supportive-care interventions have been 
developed to reduce the risk of complications from CAAEs and  
to improve health-related quality of life among cancer survivors.

 • Further research addressing the underlying pathophysiology, 
emerging biomarkers, supportive-care therapies and patient risk 
stratification for CAAEs is needed to further enhance personalized care 
for patients receiving chemotherapy.

 • The necessary coordination of multidisciplinary care and routine 
engagement of patient advocates to empower patients are essential 
for promoting good-health practices to reduce present and future risks 
of disease recurrence and additional malignancies and to minimize 
complications associated with comorbidities.

Introduction
Systemic therapy with cytotoxic agents (referred to as chemotherapy 
in this Review) continues to be a mainstay of cancer treatment alone 
or in combination with systemic targeted, immunotherapeutic agents 
and/or radiotherapy for most human malignancies. Patients receiving 
chemotherapy are at risk for a range of adverse events that are associ-
ated with considerable morbidity, mortality and treatment-related 
costs. Treatment-associated adverse events have a direct effect on 
patient symptoms and health-related quality of life (HR-QOL) but 
can also compromise the administration of further treatment to 
prevent disease recurrence. In 2022, we reviewed the most common 
acute chemotherapy-associated adverse events (CAAEs) with major 
effects on the aforementioned outcomes and recommended mitiga-
tion strategies1. Herein, we discuss additional adverse events that can 
present during treatment and persist as long-term sequelae in many 
cancer survivors such as cancer-related fatigue (CRF), chemotherapy-
induced peripheral neuropathy (CIPN), chemotherapy-related cogni-
tive impairment (CRCI), ovarian failure or infertility. We also discuss 
late or delayed adverse events, which first appear months or years fol-
lowing treatment, such as cardiotoxicity and secondary malignancies. 
Additional long-term effects of chemotherapy and other cancer thera-
pies include a range of emotional effects such as anxiety, depression 
and fear of cancer recurrence (FCR). The prevalence of these adverse 
effects varies across toxicities and depends on both patient-related 
and treatment-related factors. We have selected these toxicities based 
on the available literature — including the published results from the 
2021–2022 patient survey from the National Coalition for Cancer  
Survivorship2 — detailing these as the most prevalent toxicities repor-
ted by cancer survivors. Furthermore, although often not discussed, the  
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and/or peripheral nervous systems could also induce CRF via ATP dys-
regulation or build-up of metabolic by-products in the neuromuscular 
junction or muscle21. Cancer stage, advancing age, cumulative dose 
of cytotoxic chemotherapy, use of multi-agent regimens and chronic 
comorbidities are common risk factors for CRF10,13. In a study, women 

with breast cancer who had received chemotherapy reported more 
severe fatigue and worse HR-QOL than those with no history of cancer15. 
Moreover, women with worse sleep quality, menopausal symptoms 
and/or a psychiatric disorder were more likely to have severe CRF15. 
In another study, individuals reporting higher levels of life-stress 
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Fig. 1 | Long-term treatment-related adverse events in patients with 
cancer. a, Fatigue is the most common symptom reported by patients with 
cancer receiving chemotherapy and it has multiple risk factors24. b, Cancer-
induced peripheral neuropathy most commonly manifests as either positive 
or negative sensory symptoms and pain, although autonomic and motor 
symptoms can also appear in patients with severe cancer-induced peripheral 
neuropathy52,53. c, Chemotherapy-related cognitive impairment is caused by 

various pathophysiological mechanisms activated by certain therapeutic agents. 
Importantly, fatigue, depression and sleep disturbances can contribute to 
chemotherapy-related cognitive impairment85. These and other adverse events 
can compromise patient quality of life and their willingness to continue effective 
therapy. Part a is adapted with permission from ref. 24, Taylor & Francis. Part b is 
adapted from ref. 53, CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/). 
Part c is adapted with permission from ref. 85, Elsevier.

https://creativecommons.org/licenses/by/4.0/
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exposure during childhood and/or adulthood had increased levels of 
CRF25. Across studies, however, the most consistent predictor of CRF 
following treatment is the presence of fatigue prior to therapy. In addi-
tion, those reporting greater intensity of fatigue before chemotherapy 
experience greater CRF4. Other predictors of persistent severe fatigue 
include variables such as age, obesity, tobacco use, receipt of endocrine 
therapy and presence of other symptoms (pain, insomnia and depres-
sion)26,27. A predictive model of severe CRF validated in women with 
breast cancer was described in 2022 (ref. 28); independent risk factors 
for severe CRF were severe pretreatment fatigue, younger age, higher 
body mass index, current smoking, worse anxiety, insomnia and pain 
at diagnosis. Identifying other contributors to CRF, such as anaemia, 
sleep issues, depression, malnutrition, involuntary weight loss or gain, 
thyroid imbalances, and other comorbidities, is always important to 
enable additional interventions that might ameliorate CRF. CRF can 
arise together with other CAAEs such as sleep disturbances, depression 
and anxiety29–31.

Management and guideline recommendations
Clinical practice guidelines for the management of CRF are available 
from the American Society of Clinical Oncology (ASCO), the National 
Comprehensive Cancer Network (NCCN) and the European Society for 
Medical Oncology (ESMO), all of which recommend prompt assess-
ment as part of routine cancer care and potential underlying medical 
conditions10–13. All patients with cancer should be serially screened for 
the presence and severity of CRF during and after completion of treat-
ment. Screening should be conducted using brief and fully validated 
tools. More than 26 different scales for assessing fatigue have been 
developed32. The Numerical Rating Scale13 and the Brief Fatigue Inven-
tory, which integrates the assessment of CRF severity and its effect on 
essential functional domains33, are among the most commonly used 
owing to their simplicity of use. Other scales validated for this purpose 
include the Functional Assessment of Cancer Therapy – Fatigue and 
the Multidimensional Fatigue Symptom Inventory34–36.

Once CRF is identified and other contributing factors are ruled 
out, appropriate supportive efforts (including referral to oncological 
rehabilitation) can be helpful for better managing this toxicity and 
maintaining HR-QOL. Psychostimulants (including methylphenidate, 
dexmethylphenidate, modafinil, armodafinil and dexamphetamine) 
have been evaluated in multiple randomized controlled trials (RCTs). 
Although no consistent evidence supports the superiority of these 
agents over placebo, some studies of methylphenidate and modafinil 
reported positive effects on symptoms of CRF37,38. In addition, no 
benefit was shown from the use of the acetylcholinesterase inhibitor 
donepezil39. Given the high cost and toxicities associated with these 
pharmacological agents (including exacerbation of sleep alterations), 
their routine use is not the current standard of care for the management 
of CRF10,12,13.

In two RCTs involving patients with advanced-stage cancer, short-
term use of corticosteroids was associated with some improvement in 
symptoms, although adverse events from these agents (such as anxiety, 
insomnia, immunosuppression and potential diabetes) tend to be a 
concern and need to be individually considered for each patient40–42. 
In another RCT, exercise plus dexamethasone had beneficial effects in 
patients with advanced-stage cancer, but further studies are needed43.

Finally, although the results of a meta-analysis support the safety 
and effectiveness of ginseng supplements, the fact that these studies 
involved both patients with advanced-stage cancer and survivors not 
on therapy, along with the limited number of high-quality studies 

available, means that insufficient evidence is available for the routine 
use of these supplements to manage CRF44. In summary, given the limi-
tations of the existing data, no pharmacological agent or supplement 
is recommended for the routine management of CRF.

Emerging strategies
Given the limited efficacy of currently available pharmacological 
interventions, other management strategies are needed for the often-
debilitating effects of CRF. A meta-analysis of 113 studies concluded 
that physical activity and/or psychological interventions were the 
approaches that most improve CRF symptoms45. The analysis included 
51 studies in which patients were receiving primary treatment (surgery, 
chemotherapy and/or radiotherapy) during the study intervention 
and 45 studies in which patients had already completed primary treat-
ment. Exercise seems to be the most effective intervention for patients 
with acute or delayed CRF receiving primary treatment, whereas exer-
cise plus psychological interventions would be most beneficial after 
treatment completion. Accumulating evidence supports the use of 
multidisciplinary exercise-based programmes to improve patient out-
comes, although their routine implementation remains challenging46. 
Additional research is needed to generate evidence on the potential 
role of complementary and integrative therapies (such as acupuncture, 
stress reduction and touch therapies), in the management of CRF47. 
CRF can follow distinct trajectories depending on the degree of fatigue  
at different times after cancer diagnosis. The growing recognition of 
these trajectories will probably lead to innovative interventions adapted 
to personalized fatigue trajectories to address this common problem3. 
Furthermore, evidence supports a role for cognitive–behavioural  
therapy and mindfulness‐based therapies in the mitigation of CRF12,48,49. 
Notably, these interventions can be delivered in person or through 
online platforms such as eHealth and mHealth45,50,51.

Chemotherapy-induced peripheral neuropathy
Background
CIPN is a common CAAE that generally presents with symptoms, includ-
ing but not limited to pain, tingling, numbness and increased sensitivity 
to temperature (Fig. 1b), present in as many as 68% of patients at the end 
of the first month of chemotherapy and in 30% at 6 months52–54. CIPN 
can negatively affect cancer outcomes by leading to reduced dosing 
or even premature cessation of chemotherapy in patients with a high 
symptom burden. In at least one-third of patients with acute CIPN, 
permanent functional impairments can occur that, in some patients, 
seriously affect HR-QOL and functional well-being54. In addition, oto-
toxicity is yet another complication of neurotoxic drugs (particularly 
platinum-based agents)55,56. Neurotoxic injury associated with CIPN is 
mediated by signalling pathways involved in inflammation, apoptosis 
and neurodegeneration57,58; however, despite the identification of these 
biological targets, their translation into mechanistic-based clinical 
interventions remains challenging59–61.

Risk factors
Risk assessment for CIPN includes the consideration of other comor-
bidities such as pre-existing neuropathy, diabetes or family history of 
neuropathy58. For older patients (≥65 years of age), a comprehensive 
geriatric assessment can help to estimate the probability of CAAEs, 
including CIPN. CIPN is frequently associated with treatment with 
specific chemotherapeutic agents such as vinca alkaloids (for example, 
vincristine), taxanes (paclitaxel and docetaxel) and platinum-based 
agents (cisplatin, carboplatin and oxaliplatin)53 (Fig. 1b). In patients 



Nature Reviews Clinical Oncology

Review article

at high risk of treatment-related complications, the substitution of 
these agents for less neurotoxic drugs should be considered as part of a  
shared decision-making process between patients and clinicians62. 
Ongoing research on CIPN risk factors includes identification of genetic 
predictors and blood-based biomarkers to improve risk calculation in 
a useful way for both clinicians and patients58.

Management and guideline recommendations
One of the main challenges in the management of patients with CIPN 
is the lack of validated standardized measures for routine evaluation 
of neuropathy in clinical practice. Notable differences exist between 
patient self-reporting and clinician reporting of CIPN symptoms, 
with the latter often leading to under-representation of symptom 
severity63–65.

Both the ASCO and ESMO guidelines from 2020 have confirmed 
the lack of efficacious evidenced-based interventions for the preven-
tion of CIPN60,61. Indeed, the RCTs performed thus far have failed to 
definitively demonstrate that any strategy can prevent CIPN. For exam-
ple, in two placebo-controlled trials testing whether the antioxidant 
calmangafodipir prevents CIPN, patients receiving this agent were 
more likely to develop serious hypersensitivity reactions and CIPN; 
therefore, the trials were consequently discontinued66. Hence, early 
recognition and a high index of suspicion remain crucial for limiting  
the burden of CIPN, although these strategies remain hindered  
by the underestimation of symptoms by clinicians and limited routine 
implementation of regular standardized assessment tools.

For patients with CIPN symptoms, clinicians should discuss dose 
delays and/or reductions, or a change of treatment regimen as part of a 
shared decision-making strategy during treatment to help to reduce the 
chance of chronic persistent CIPN once treatment ends, which would 
lead to more-permanent chronic injury. Decision-making should weigh 
the potential benefits of cancer therapy against the risk of permanent 
injury and functional deficits60,62. Duloxetine is the only drug estab-
lished in an RCT to provide benefit in patients with established painful 
CIPN. Patients receiving duloxetine as part of their initial 5-week CIPN 
management plan reported a greater decrease in average pain com-
pared with those who received placebo (1.06 versus 0.34; P = 0.003) and 
were more likely to report decreased pain (59% versus 38%)67. The effect 
size attributable to duloxetine was 0.513, which means that this drug is 
only modestly effective for the management of painful CIPN. Moreover, 
this drug is also associated with high costs as well as other toxicities 
(such as nausea, constipation and xerostomia) in some patients67. The 
data currently available on supplements (including vitamins B6 and 
B12, glutamine, and thiamine, among others) is insufficient to recom-
mend them for the treatment of CIPN60,61. Although multivitamin use 
has been associated with improved CIPN outcomes in retrospective 
studies, their use might be a surrogate for other related behaviours that 
are the actual drivers of CIPN reduction68. Supplements (such as mul-
tivitamins) can also adversely affect both CIPN and cancer outcomes 
and increase the financial burden on patients69,70.

Emerging strategies
Early phase studies of non-pharmacological strategies, including acu-
puncture, physical exercise, cryotherapy and/or compression, and 
Scrambler therapy (an approach that involves electrical stimulation), 
for the prevention or treatment of CIPN have shown promising results in 
terms of tolerability. Large-scale RCTs testing these strategies are ongo-
ing. In one small sham-controlled trial, weekly electro-acupuncture was 
not efficacious for the prevention of CIPN71. In another RCT, an 8-week 

course of acupuncture intervention for the treatment of CIPN resulted 
in clinically meaningful and statistically significant improvements in 
several neuropathy-related sensory symptoms compared to usual 
care (all P ≤ 0.03)72. Acupuncture has a favourable toxicity profile but 
also major limitations, including often high costs, limited access to 
services and time devoted to repeated treatments. Several clinical trials 
testing compression therapy using surgical gloves for the prevention 
of CIPN have had potentially promising results in some patients73,74; 
however, not all studies have shown consistent results75. Larger, well-
powered studies are needed60,75. Potential adverse effects include the 
risk of frostbite from cooling, patient discomfort and vasospasm, 
which is of particular concern in patients who have received oxaliplatin.  
The results of other studies suggest that physical exercise might 
mitigate CIPN through attenuation of pro-inflammatory signalling 
pathways, although further evidence supporting this approach is 
needed76–79. Finally, considering the tremendous effect of CIPN on 
HR-QOL, the collection of patient-reported outcomes is imperative 
and treatment decisions regarding toxicity must be shared within a 
multidisciplinary team.

Chemotherapy-related cognitive impairment
Background
CRCI is experienced by ~35% of survivors of all cancer types and 
stages80,81, and can negatively affect the functional ability and HR-QOL 
of patients and their families82,83. This CAAE, commonly referred to as 
‘chemobrain’, involves loss of memory and other cognitive changes 
associated with the previous administration of chemotherapy. The 
mechanisms of CRCI are complex and affect multiple neural pathways. 
Notably, the most frequent impairments are processing speed, learn-
ing and memory, and executive function84. CRCI has been reported in 
patients with haematological or solid tumour malignancies receiving 
a variety of anticancer agents, including taxanes, anthracyclines and 
certain antimetabolites (such as methotrexate or 5-fluorouracil)85–89 
(Fig. 1c).

The effect of CRCI is complicated by the disease status in a patient  
and concurrent or subsequent cancer therapies90. CRCI affects patient 
well-being, HR-QOL, and human relationships and can have substantial 
financial sequelae for individuals unable to return to their pre-cancer 
work situation91,92. The recognition of CRCI as a true CAAE is limited, 
and this situation is further compounded by evidence showing that 
many patient-reported symptoms are not fully captured by most 
neuropsychological tests84,90.

Risk factors
CRCI is a multifactorial disorder with risk factors that include the type  
of cancer, anticancer therapies received and comorbidities53. Indeed, 
non-cancer-related comorbidities (such as those associated with age-
ing) can further affect cognitive function and result in decreased recov-
ery of cognitive function after therapy88,93. Evidence indicates that 
micronutrients and malnutrition have a role in cognitive performance94. 
Moreover, anaemia is associated with CRCI in observational clinical 
studies, although the use of erythropoietin as a treatment for this CAAE 
is not currently recommended95.

In a cohort of long-term survivors of breast cancer who had 
received chemotherapy, those harbouring the ε4 allele of APOE 
(involved in lipid metabolism and neuronal function) had worse cog-
nitive decline in several domains than those with other alleles96,97. In 
another study involving patients with breast cancer receiving chemo-
therapy, patients with the single-nucleotide polymorphism rs165599 
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in COMT (involved in dopamine degradation) had an increased preva-
lence of CRCI98. Pro-inflammatory cytokines (such as IL-1β, IL-6, TNF, 
IL-10 and BDNF99–101) have been related to CRCI symptoms in observa-
tional studies, although the exact mechanisms of neurotoxicity remain 
under investigation. Larger prospective studies are needed to validate 
these associations before such biomarkers can be routinely used to 
risk-stratify patients.

Management and guideline recommendations
The management of CRCI should include routine screening for cogni-
tive symptoms as part of ongoing cancer care. Such screening pro-
cedures can include common probing questions listed in the NCCN 
Guidelines on Survivorship102. More comprehensive assessment of 
cognitive symptoms using the EORTC QLQ-C30 (ref. 103) and FACT-
COG104 scales should become a routine approach for the optimal 
management of CRCI. Other symptoms that contribute to CRCI (such 
as fatigue, mood disturbances and sleep alterations) can confound 
the diagnosis and management of this common CAAE. Once CRCI is 
diagnosed, current recommended management strategies include 
patient education, cognitive training, rehabilitation105,106, exercise107,108,  
mind–body interventions (such as yoga, qigong and tai chi) and pharma-
cological therapies, personalized to the unique symptom burden  
of each patient and their other comorbidities80. The available evidence 
supports clinical implementation of cognitive rehabilitation to improve 
cognitive symptoms as well as the potential benefits of mind–body 
interventions on this CAAE; however, additional validation studies are 
needed to confirm the effectiveness of both strategies for the treatment 
of CRCI105,106,108. The utility of pharmacological agents in this setting 
has not been consistently demonstrated; further research is needed 
before agents, such as modafinil, donepezil and memantine, can be 
routinely used39,109,110.

Emerging strategies
Given the increasing use of eHealth, mHealth and other similar tools to 
improve symptom management, preliminary studies have suggested 
the benefit of incorporating a computer-based cognitive rehabilitation 
programme in the management of CRCI, with improvement in patient 
self-reported cognitive symptoms111,112. Mechanistic understanding of 
CRCI obtained through the use of novel imaging techniques might lead 
to improved management strategies in the future. Given the complexity 
of CRCI, intervention studies focused on the management of this CAAE 
would be most effective if they combined pharmacological and non-
pharmacological treatment strategies, including exercise and cognitive- 
based interventions. Further studies also need to involve patients with 
metastatic disease and address the potential role of validated biomarkers  
in improving the risk stratification of patients for CRCI.

Cardiotoxicity
Background
The cardiotoxicity of several anticancer therapies in combination with 
multiple risk factors common to heart disease and cancer, particularly in 
an ageing population, has led to a dramatic rise in cardiac complications 
in cancer survivors102. These complications include acute life-threatening 
toxicities, such as coronary vasospasms, arrythmias113 and myocarditis, 
and long-term cardiovascular complications, including cardiomyopa-
thies, and thus an increased risk of cardiovascular events in cancer sur-
vivors113. Consequently, cardio-oncology has emerged as a specialty that 
precisely addresses this increased risk of cardiovascular complications 
and the associated need for multidisciplinary management114.

Risk factors
The mechanisms of chemotherapy-related cardiac damage are diverse 
and depend on the drug, cumulative level of exposure, and host fac-
tors and susceptibilities115. Patients at high risk for cardiovascular 
complications include those receiving high-dose anthracyclines (for 
example, doxorubicin ≥250 mg/m2 or epirubicin ≥600 mg/m2), high-
dose mediastinal radiation therapy encompassing the heart in the treat-
ment field116, and other predisposing drugs (including but not limited 
to 5-fluorouracil, doxorubicin, trastuzumab, and VEGF inhibitors and 
other anti-angiogenic agents). Additional risk factors for cardiovascular 
toxicity include age >60 years, smoking, hypertension, diabetes, dys-
lipidaemia, chronic renal failure, obesity and previous cardiovascular 
disease114. The latest guidelines from the Task Force on Cardio-Oncology 
of the European Society of Cardiology propose strategies for triaging 
patients on the basis of risk stratification117.

Management and guideline recommendations
Cardiovascular monitoring, including screening with strain imaging 
echocardiography in patients with cancer receiving treatment and 
who are at high risk of cardiac complications, is a key focus area of 
the European Society of Cardiology, ESMO and ASCO guidelines117–119. 
Priority areas include the management of complications related to 
high-risk anticancer agents such as anthracyclines, HER2-targeted 
agents, VEGF inhibitors, BCR–ABL1 tyrosine kinase inhibitors, BTK 
inhibitors and immune-checkpoint inhibitors (ICIs). Various cardiovas-
cular risks and risk factors should be actively managed before, during 
and after anticancer therapy and discussed with patients to enable 
shared decision-making. Furthermore, health-promotion strategies, 
such as a healthy diet and exercise, need to be addressed120,121. Patients 
reporting toxicities should promptly receive care from cardiologists, 
and multidisciplinary management with oncology teams is encour-
aged. The specific role and timing for blood-based cardiac monitoring, 
including natriuretic peptide B and high-sensitivity troponin testing, 
in asymptomatic patients undergoing cardiotoxic treatments are yet 
to be determined114, although guidelines such as those from ESMO118 
and ASCO119 discuss the promising emerging data for their use. Changes 
in the levels of high-sensitivity troponin might be predictive of future 
cardiotoxicity in patients treated with anthracyclines, although fur-
ther validation is needed122,123. Along with cardiac imaging, these 
biomarkers should be promptly drawn in patients who are sympto-
matic while undergoing cardiotoxic therapy114. The ASCO guidelines 
recommend using the cardioprotectant dexrazoxane and treatment 
with a continuous infusion or liposomal formulation of doxorubicin 
to prevent cardiotoxicity in patients allocated to receive high-dose  
anthracyclines119.

Emerging strategies
Several studies have evaluated risk-reduction or cardioprotective strat-
egies prior to the onset of cardiotoxicity in patients receiving anthra-
cycline-based and HER2-targeted agents. Despite modest efficacy, the 
routine use of cardioprotective medications (such as β-blockers124, 
angiotensin-converting enzyme inhibitors, angiotensin II receptor 
blockers125, aldosterone antagonists126 and statins127) are not yet routinely 
prescribed and require further validation, although intervention stud-
ies have shown promise124,125,128,129. Better risk stratification to identify 
those patients most in need of cardioprotective strategies, with more 
sophisticated cardiac imaging and the use of validated cardiac toxic-
ity risk tools and biomarkers, should enable pragmatic and targeted 
personalized prevention and therapeutic interventions124,125,128,129.
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Pulmonary toxicity
Background
Chemotherapy-induced pulmonary toxicity (CIPT) can result from 
direct effects or from secondary infectious complications in the lung 
owing to therapy-related immunosuppression. In this Review, we focus 
on the direct pulmonary toxicity from chemotherapy that can manifest 
as both long-term and delayed lung disease in cancer survivors130–132.

The risk of pulmonary toxicity in patients receiving anticancer 
therapy is variable and depends on the specific agents used, their 
dosages and the presence of pre-existing lung disease; in general, 
the incidence is estimated to be 6–7%133. The most common forms 
of CIPT include interstitial pneumonitis (caused by anthracyclines, 
oxaliplatin, gemcitabine, ifosfamide, fludarabine or irinotecan), 
diffuse alveolar damage (from gemcitabine, etoposide or oxalipl-
atin) and non-cardiogenic pulmonary oedema (from gemcitabine, 
cytarabine or vinblastine). The pathogenesis of CIPT is poorly under-
stood and involves direct injury to pneumocytes, endothelial dys-
function, oxidative stress-induced injury and dysregulation of the 
immune system (characterized by cytokine release and recruitment 
of inflammatory cells)134.

Risk factors
While some lung injury reactions in patients receiving chemotherapy 
are related to the total dose (such as those from bleomycin), others are  
mostly idiosyncratic. Although information on specific risk factors for 
CIPT is limited, assessment of a previous or current history of smoking 
and lung conditions existing prior to chemotherapy is recommended. 
Baseline pulmonary function tests might enable identification of 
patients at high risk of such toxicity, especially in those allocated to 
receive known causative agents such as bleomycin, gemcitabine, busul-
fan, methotrexate, all-trans retinoic acid and etoposide135. CIPT is a 
major limitation, in particular in patients receiving bleomycin, which 
has been used to treat Hodgkin lymphoma and germ-cell tumours136. 
Bleomycin-induced lung injury has four different subtypes: acute 
chest pain syndrome during infusion, hypersensitivity pneumonitis, 
cryptogenic organizing pneumonia and chronic progressive pulmo-
nary fibrosis. Risk factors for bleomycin-induced lung toxicity include 
advancing age, renal insufficiency, total dose >400 units (although 
lower doses might also result in CIPT), and concurrent administration 
of radiation or other chemotherapeutic agents137–140.

Management and guideline recommendations
The clinical manifestations of CIPT are generally non-specific, includ-
ing cough with or without sputum production, dyspnoea and hypox-
aemia. The time of onset of this toxicity is variable, but it generally 
occurs within weeks to a few months from the start of initial therapy —  
except for the delayed fibrosis seen with bleomycin and nitrosoureas141. 
Acute chest pain syndrome (which occurs during bleomycin infusion), 
hypersensitivity pneumonitis and diffuse alveolar damage can present 
with more rapidly progressing symptoms142. Meanwhile, indolent dysp-
noea on exertion several months after treatment can be a symptom of 
chronic progressive pulmonary fibrosis and chronic usual interstitial 
pneumonia143. Pretreatment pulmonary function tests are performed 
to assess baseline lung function and guide decisions on whether to 
administer agents known to cause CIPT. However, routine screen-
ing for lung toxicity, especially in patients receiving non-bleomycin 
agents, is not common practice144. The FDA label for bleomycin recom-
mends monitoring of lung diffusing capacity for carbon monoxide at 
baseline and monthly thereafter to detect toxicities, and treatment 

discontinuation when the lung diffusing capacity for carbon monoxide 
falls below 30–35% of the pretreatment value. Frequent chest radi-
ography every 1–2 weeks is also recommended by the FDA but these 
short intervals are seldom followed in routine practice. Diagnosis is 
usually made through imaging, such as CT scans and increasingly by 
high-resolution CT scans, to identify various abnormalities that can 
range between ground-glass opacities, consolidation, interlobular 
septal thickening and centrilobular nodules depending on the clinical 
syndrome134. Invasive diagnostic modalities (including bronchoscopy, 
cytological analysis of bronchoalveolar lavage and lung biopsy) might 
be required to rule out other confounding aetiologies.

Pulmonary symptom assessment and monitoring during anti-
cancer treatment and having a high index of suspicion of pulmonary 
toxicities, especially in patients at high risk of such complications, are 
important components of management to identify serious toxicities 
in a timely fashion. Drug discontinuation, glucocorticoid therapy and 
supportive care are key elements in the management of CIPT145. In 
general, suspicion of substantial lung toxicity requires the discontinu-
ation of the triggering chemotherapeutic agent. For most antineoplas-
tic agents, no specific treatment has proven effective besides timely 
drug discontinuation. Although data on the use of steroids is based on 
experience146, severe respiratory compromise owing to CTCAE grade 
3–4 CIPT is often treated with prednisone 1 mg/kg daily. Meanwhile, 
intravenous glucocorticoids (such as methylprednisolone 1 g daily 
for 3 days) followed by a long taper can be used in patients who have 
impending respiratory failure or require mechanical ventilation. Res-
piratory support with supplemental oxygen, inhaled bronchodilators 
and mechanical ventilation (if clinically indicated) are other important 
aspects of management for serious lung complications. The American 
Thoracic Society and several other professional organizations updated 
their guidelines for the management of progressive pulmonary fibrosis 
in patients with interstitial lung disease in 2022 (refs. 117,147). CIPT 
has gained increased attention with the advent of lung toxicities from 
other anticancer agents such as ICIs, which can cause immune-related 
pneumonitis, and antibody–drug conjugates (ADCs), which can cause 
interstitial lung disease that can be life-threatening148–150.

Emerging strategies
With the incorporation of ICIs and ADCs into the treatment of many 
cancer types and the continued use of chemotherapeutic agents, new 
strategies for preventing and treating CIPT are needed. Novel agents 
currently approved for the treatment of idiopathic pulmonary fibrosis, 
such as the multi-tyrosine kinase inhibitor nintedanib as well as the 
antifibrotic agent pirfenidone, have shown benefit in animal models 
and promising preliminary patient case reports, for example, in patients 
with lymphomas and bleomycin-induced pneumonitis with substan-
tial fibrosis burden. These agents can also prevent poor outcomes 
from CIPT and, therefore, may have a role in the routine management  
of CIPT in the future151,152.

Sexual health
Background
Sexual function can be affected by cancer, cancer therapies and age-
ing, and thus related concerns are common among cancer survivors153. 
Survivors across multiple cancer types and disease stages commonly 
report sexual dysfunction, which often persists during and after can-
cer treatment, affecting patient HR-QOL154. Despite multiple studies 
highlighting the wide-ranging effects of different anticancer treat-
ment modalities on sexual dysfunction, interventions to address these 



Nature Reviews Clinical Oncology

Review article

issues are not frequently used in routine practice. Common sexual 
concerns reported by female cancer survivors include low desire, 
arousal issues, reduced lubrication, difficulty achieving orgasm and 
pelvic pain155. Male cancer survivors (in particular those receiving 
androgen-deprivation therapy) most commonly report loss of libido, 
erectile dysfunction and incontinence. Additionally, chemotherapy 
(particularly multi-agent regimens) is associated with a higher preva-
lence of sexual dysfunction in male survivors of testicular cancer156–158. 
Male cancer survivors often report the desire for assistance in address-
ing issues regarding desire, erection and ejaculation159. Despite the 
importance of sexual health, this area of cancer care is often not part 
of the patient–clinician dialogue and is frequently unaddressed. While 
87% of patients report that their cancer treatment has affected their 
sex life, only 27.9% report being asked about it. Women are asked less 
frequently than men (22% versus 53%)160. Post-treatment sexual health 
issues have been reported that can be long-lasting and seem to have a  
multidimensional nature.

Additionally, the sexual health-care needs of persons from sexual 
and gender minorities (LGBTQ+) are often not addressed in routine 
oncology or survivorship care. Anatomical examination involving 
organs that no longer align with the identity of transgender individu-
als is a particularly difficult aspect that can be fraught with emotional 
challenges160.

Risk factors
In premenopausal women, chemotherapy and gonadotropin-releasing 
hormone (GnRH) agonists can induce a sudden decline in hormone 
levels, referred to as treatment-induced menopause, and can lead to 
many sexual concerns reported by survivors. Endocrine therapies, 
such as aromatase inhibitors and tamoxifen, along with ovarian sup-
pression from GnRH agonists can also lead to treatment-induced 
menopause161,162. Persisting sexual dysfunction can be present in some 
long-term survivors well beyond discontinuation of drug therapy163. In 
men, androgen-deprivation therapy, multi-agent chemotherapy and 
medical comorbidities often exacerbate sexual dysfunction. Data from 
a meta-analysis of 43 studies addressing sexual function in male cancer 
survivors showed a high prevalence of erectile dysfunction (40%)164.

Management and guideline recommendations
Addressing sexual concerns in cancer survivors requires a multidisci-
plinary approach addressing both physical and psychosocial aspects. 
In female survivors, physical concerns include dyspareunia owing to 
genitourinary syndrome of menopause, for which interventions include 
long-acting vaginal moisturizers containing polycarbophil or hyaluronic 
acid and, in those with refractory symptoms, local vaginal oestrogen, the 
oestrogen precursor dehydroepiandrosterone or its analogous pras-
terone, or the selective oestrogen receptor modulator ospemifene165. 
Despite concerns about the potential for systemic absorption of topical 
hormonal therapies, the evidence available indicates that a small amount 
of absorption occurs and, thus, women receiving aromatase inhibitors 
might be particularly vulnerable to this effect166. Although studies testing 
these topical hormonal therapies are not powered to link their use with 
an increased risk of cancer recurrence, the effect of untreated genitouri-
nary syndrome of menopause on patient HR-QOL must be considered167. 
Pelvic floor physical therapy is recommended for women with persistent 
dyspareunia not responding to pharmacological therapies. For male 
survivors with erectile dysfunction, early penile rehabilitation, penile 
prosthesis, treatment with phosphodiesterase type 5 inhibitors and 
testosterone repletion can be considered168,169. For both men and women, 

psychosocial support is paramount to addressing unmet needs and aiding  
in recovery.

Emerging strategies
In addition to novel therapies, the management of cancer-related sexual 
problems requires the integration of multidisciplinary teams, including 
clinicians with expertise in sexual health, pelvic floor rehabilitation, 
penile rehabilitation and psychosocial oncology165,169. Physician aware-
ness also needs to be improved through educational efforts to ensure 
that sexual health issues are discussed during routine oncology visits.

Infertility
Background
The effect of chemotherapy on fertility varies depending on the cancer 
drug, dose and pretreatment fertility of the patient170–173. In male indi-
viduals, chemotherapy can reduce sperm count and motility, and DNA 
integrity. In female individuals, it can reduce the number of primordial 
follicles and induce hormonal changes that result in premature ovarian 
failure174.

Risk factors
Multiple risk factors have been identified as risk factors for fertility 
loss, including age175, genetic predisposition176–178 and cumulative dose 
of chemotherapy173,175. The type of chemotherapy regimen also affects 
fertility loss, and the highest risk is conferred by alkylating agents (such 
as cisplatin, cyclophosphamide and ifosfamide) and stem cell trans-
plantation179,180. The ovarian reserve (that is, the remaining reproductive 
potential) of a female survivor depends on age, genetic predisposition, 
prior cancer history and anticancer treatments175,179,181. Serological 
antibody testing for anti-Müllerian hormone (AMH) can help to evalu-
ate ovarian reserve in cancer survivors. Although AMH is not a precise 
predictor of future pregnancy nor the health of remaining follicles182, it 
is increasingly being used as a complementary tool in decisions about 
the management and treatment of female infertility183,184.

Management and guideline recommendations
ASCO guidelines recommend discussing the risk of infertility and 
fertility preservation options with both male and female patients of 
childbearing age prior to the start of chemotherapy as an essential 
component of cancer survivorship care delivery185. Similar recommen-
dations are included in the latest guidelines from ESMO and the Euro-
pean Society of Human Reproduction and Embryology173,186. Sperm, 
oocyte and embryo cryopreservation and, most recently, ovarian tissue 
cryopreservation are all now considered standard practice187. Develop-
ments in fertility preservation from the past few years include random 
start ovarian stimulation for oocyte cryopreservation, which can be 
performed at any time during the ovarian cycle and thus provides added 
flexibility and reduces delays in the start of chemotherapy188. Increas-
ing evidence suggests that administering GnRH agonists concurrently 
with chemotherapy could improve regular menses189. Nevertheless, 
protection of ovaries with GnRH should not be used as a replacement 
for oocyte harvesting and in vitro fertilization for those cancer survi-
vors who would like to preserve fertility given the limited availability 
of efficacy data172,173.

Emerging strategies
Testicular tissue cryopreservation should only be offered as part of 
clinical trial protocols. Ongoing research is leading to advances in the 
construction and cryopreservation of artificial ovaries, in a process that 
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entails grafting isolated follicles embedded in a biological scaffold, 
as an additional option for fertility restoration190. Although ovarian 
stimulation has been shown to be safe in patients with cancer in terms 
of disease recurrence191, an emerging technology, involving immature 
oocyte retrieval from ovaries without ovarian stimulation followed by 
in vitro maturation and vitrification, presents a promising new option 
that could further reduce delays in the start of anticancer therapy192. 
Financial counselling and improvements in coverage of out-of-pocket 
costs are key next steps for ensuring that all patients with cancer who 
are of reproductive age have equitable access to these much-needed 
services.

Secondary malignancies
Background
The risk of secondary malignancy after achieving initial cancer control 
remains one of the most serious and yet infrequently discussed late 
effects of anticancer treatment, which often manifests years later. 
In fact, secondary malignant neoplasms might account for 10–20% 
of all cancers reported to the National Cancer Institute Surveillance, 
Epidemiology, and End Results (SEER) Program data base193. Second-
ary malignancies can be especially life-threatening as they commonly 
have high-risk features compared with those in patients with the corre-
sponding de novo acute myeloid leukaemia, myelodysplastic syndrome 
(MDS), or myeloproliferative neoplasms and are associated with worse 
outcomes. Advances in oncology have resulted in an increased number 
of long-term survivors and, consequently, the incidence of second-
ary malignancies is also rising. Therefore, appropriate management 
of secondary malignancies is becoming increasingly important193,194.

Risk factors
Treatment-related secondary malignancies might be associated with 
the same aetiological factors that led to the primary cancer such as 
smoking, diet, alcohol or hereditary syndromes195. In a large retro-
spective study, survivors of cancers associated with smoking, obesity, 
infection or alcohol consumption had a higher risk of secondary malig-
nancy with the same aetiology. Moreover, secondary malignancies 
associated with the aforementioned risk factors were among those with 
the highest mortality rates196,197. The mutagenic and immunosuppres-
sive effects of chemotherapy and radiotherapy also increase the risk 
of secondary malignancies193,198. The chemotherapeutic agents most 
commonly associated with secondary malignancies include alkylating 
agents, platinum-based agents and topoisomerase II inhibitors. The link 
between chemotherapy exposure and secondary malignancies was first 
investigated in patients with haematological malignancies developing 
acute leukaemias, MDS, or myeloproliferative neoplasms199,200 and 
has been demonstrated in numerous subsequent studies201–207 with 
a fourfold to fivefold increased risk of leukaemia compared with the 
general population208. Alkylating agents have been associated with 
an increased risk of various secondary solid tumour types, including 
those in the gastrointestinal and genitourinary tracts, lung cancer, and 
sarcomas193,209,210. Although not the focus of this Review, a substantially 
increased risk of secondary malignancies following exposure to ion-
izing radiation has also been reported; in this regard, cytotoxic agents, 
radiation, and various environmental and lifestyle exposures have 
important additive or even synergistic interactions195,211,212.

Several observational studies have suggested that patients with 
cancer receiving chemotherapy and supportive care with GM-CSF or 
G-CSF have a greater incidence of acute myeloid leukaemia or MDSs 
than those not receiving such growth factors213,214. However, the results 

of subsequent systematic reviews and meta-analyses of RCTs of chemo-
therapy with and without GM-CSF or G-CSF suggest that growth factor 
support enables the administration of a greater relative dose intensity 
of chemotherapeutic agents known to be leukaemogenic, possibly 
explaining the small increase in the risk of secondary malignancies, 
along with improvements in overall survival, reduced cancer recur-
rence and reduced occurrence of fatal infections194,215. Therefore, the 
independent contribution of these growth factors to a greater risk of 
leukaemia and MDS remains unclear194,215.

Overall, the risk of secondary malignancies (including leukaemias) 
following cytotoxic chemotherapy must be considered in perspective 
with the urgency of treating the initial malignancy. The cumulative 
risk of secondary malignancies following current standard-of-care 
chemotherapy seems to develop over a period of 2–10 years and rarely 
exceeds 1% across various studies194,215. While in patients with non-
haematological malignancies, the risk of chemotherapy-related sec-
ondary acute myeloid leukaemia disappears beyond 10 years, among 
patients with lymphomas and, possibly, those with myeloma, a threefold 
to sixfold risk remains, and 5-year survival appears to be <10% among 
patients with cytogenetically confirmed secondary malignancies216.  
By contrast, the risk of death from an untreated primary malignancy 
during this time period would be considerably greater in most settings.

Management
The close relationship between cumulative chemotherapy dose 
intensity and treatment efficacy, while increasing the risk of second-
ary malignancies, limits the use of dose de-escalation interventions, 
which might increase the risk of recurrence of the primary malignancy. 
To the greatest possible extent, clinicians should avoid therapeutic 
approaches involving concurrent chemotherapy and radiotherapy, 
which considerably increase the risk of secondary malignancies217. Cer-
tain standard-of-care treatment regimens might be using drug doses or 
durations beyond those required for effective cancer control; compara-
tive studies of lower doses, different schedules or a reduced number of 
chemotherapeutic agents have been and are being conducted.

The aforementioned retrospective study of secondary malignan-
cies highlights the importance of surveillance and prevention efforts197. 
The results of this study also reinforce the importance of encouraging 
a healthy lifestyle among cancer survivors as well as individuals at 
high risk of cancer but not yet diagnosed with the disease. Initiatives 
to reduce tobacco and alcohol use, promotion of healthy diets and 
regular exercise, and the development of more effective treatments 
for obesity are recommended because they might reduce the risk of 
secondary malignancies197,218.

Emerging strategies
Thus far, perhaps the most promising strategy to prevent 
 chemotherapy-related secondary malignancies is the identification 
of non-cytotoxic anticancer agents such as novel targeted agents or 
immuno therapies associated with a lower or no known risk of secondary 
malignancies but capable of providing similarly effective cancer treat-
ment. The development of such therapies is being urgently pursued to 
provide alternatives to many currently used cytotoxic agents without 
forgetting the continued investigation of de-escalation approaches that 
maintain the therapeutic safety and efficacy of these current regimens. 
ADCs are a potentially less leukaemogenic approach to deliver a cyto-
toxic payload, often with a more favourable adverse-effect profile219. 
Perhaps most importantly, patients should be counselled on lifestyle 
factors and, thus, avoid tobacco and alcohol, which can enhance the 
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carcinogenic effects of cancer chemotherapy. Patients should also 
be encouraged to have a healthy diet and exercise to the greatest  
possible extent.

Anxiety, distress, depression and fear of 
recurrence
Background
Emotional distress is frequently reported by patients with cancer 
across the disease continuum, including those undergoing chemo-
therapy; anxiety and depression are the most frequent psychiatric 
diagnoses220. Notably, 33–45% of patients with cancer report a sub-
stantial level of distress221. Emotional symptoms might be prompted 
or exacerbated during anticancer treatment and can result in HR-QOL 
impairment and decreased adherence to treatment. In recognition 
of the high prevalence and the pervasive nature of distress, anxiety 
and depression, routine screening of patients for these emotional 
symptoms is recommended throughout the cancer trajectory, par-
ticularly if disease status changes or they transition to palliative or 
end-of-life care. To raise awareness of the importance of identifying 
the emotional needs of patients, screening guidelines were developed 
and implemented by several organizations, including the Institute of 
Medicine222, the NCCN223, the Commission on Cancer of the Ameri-
can College of Surgeons and ASCO224, for the screening, assessment 
and care of emotional distress. Quality indicators have subsequently 
been validated and implemented; for example, the Quality Oncology 
Practice Initiative from ASCO suggests assessing the emotional well-
being of patients within 1 month of the first oncology office visit225. 
FCR, which an expert panel defined as the “fear, worry, or concern 
relating to the possibility that cancer will come back or progress”226, 
is one of the most common unmet needs reported by patients  
but is often misdiagnosed as depression or anxiety and can subse-
quently be mistreated. No formal guidelines for FCR screening exist  
at present.

Risk factors
Various risk factors for distress have been identified, including a his-
tory of psychiatric disorder or substance use, a history of depression 
and/or suicide attempt, a history of trauma and/or abuse (physi-
cal, sexual, emotional and/or verbal), cognitive impairment, severe 
comorbid illness, social issues (including, among others, family 
conflicts, inadequate social support, social isolation, financial prob-
lems, immigration status and current substance use), younger age  
(<65 years), and uncontrolled symptoms223. Studies have also included 
non-married status and socioeconomic disadvantage as possible risk  
factors.

In addition, certain cancer types can be associated with higher 
rates of distress, including pancreatic, head and neck cancers, and 
testicular cancer; the latter is associated with the highest rates 
of psychiatric disorders in the literature227,228. In a meta-analysis of  
28 studies, patients with cancer types generally associated with poor 
prognoses (such as pancreatic, liver and biliary tract, and lung cancers) 
and advanced-disease stage were those with the highest risk of sui-
cide mortality229. Furthermore, evidence suggests that patients who 
have received a combination of chemotherapy, radiotherapy and 
surgery are at the highest risk of developing a psychiatric disorder, 
whereas those who have received radiotherapy alone tend to have the  
lowest risk227,228.

Management and guideline recommendations
Existing guidelines recommend the use of validated screening tools to 
identify common unmet needs, determine the severity of the emotional 
symptoms and help guide treatment planning; several measures have 
been validated in this setting. Whereas brief tools are the most accept-
able for health-care staff and patients alike, they should assess, at a mini-
mum, emotional, physical and practical domains; examples include 
the Distress Thermometer or the Edmonton Symptom Assessment 
Scale223–225 (Fig. 2).

Identifying psychosocial needs can help clinical teams to deter-
mine the characteristics of distress (psychiatric disorder versus mild 
symptoms), the most effective treatment and appropriate referrals225. 
The literature supports the use of psychosocial and psychopharmaco-
logical treatments for the management of cancer-related distress. Sev-
eral targeted psychosocial interventions have demonstrated efficacy 
in treating emotional symptoms, including psychoeducation, cogni-
tive–behavioural approaches (such as cognitive–behavioural therapy, 
cognitive–existential therapy, problem-solving therapy and systematic 
desensitization), mind–body modalities (such as mindfulness-based 
therapy, relaxation with guided imagery, physical exercise and hypno-
sis), supportive therapy (for example, supportive-expressive therapy 
and supportive counselling), and complementary and alternative 
medicine (for example, acupuncture)230–232.

Emerging strategies
The advent of electronic symptom reporting tools, such as eHealth 
and mHealth, has expanded access to supportive care services. Mul-
tiple interventions based on these tools are now available that have 
demonstrated efficacy in the management of emotional and physical 
symptoms. These programmes can also be used to favour effective 
communication between patients and their medical care team, pro-
mote health literacy, provide psychosocial information and education, 
support patients and caregiver groups, and monitor patient-reported 
outcomes as well as help patients to self-manage their emotional and 
physical symptoms30,121,233–258.

Screening programme
• Biopsychosocial unmet needs
• Distress
• Anxiety and/or depression
• Fear of cancer recurrence or 

progression

Risk factors
• History of psychiatric disorder, 

substance use, trauma and/or abuse, 
or suicide attempt

• Cognitive impairment
• Social issues
• Younger age
• Uncontrolled symptoms

Guidelines
• Distress management (NCCN)
• Depression and anxiety (ASCO)
• Quality Oncology Practice 

Initiative (ASCO)
• Comission on Cancer of the 

American College of Surgeons 
Standards

Comprehensive
cancer care

Management
• Psychosocial and/or 

psychopharmacological interventions
• Psycho-educational interventions
• Cognitive–behavioural approaches
• Mind–body interventions
• Supportive therapy
• Complementary and alternative 

medicines

Fig. 2 | Addressing psychosocial needs in cancer survivors. Guidelines 
recommend the use of validated screening tools to identify common unmet 
psychosocial oncology needs, determine the severity of the associated 
symptoms and guide treatment planning. ASCO, American Society of Clinical 
Oncology; NCCN, National Comprehensive Cancer Network.
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Financial burden and toxicity
Background
Health-care costs related to hospitalization, diagnosis and administra-
tion of pharmacological agents have rapidly increased over the past 
few decades in the USA and worldwide. No setting has witnessed the 
skyrocketing increases in health-care costs more clearly than oncology 
treatment with chemotherapy as well as novel targeted agents and 
immunotherapies259,260. The USA is the only high-income country (HIC) 
in which life expectancy has actually decreased over the past few years 
despite dramatically increasing health-care costs that far outpace those 
in other HICs261. While the USA is perhaps the most egregious example 
of the adverse impact of increasing health-care costs, this represents 
a major global problem that is beyond the scope of this Review262,263.

Risk factors
In addition to the failure of policymakers in the USA to tackle the overall 
health economics crisis and rapidly escalating costs, health insurance 
companies are increasingly exacerbating costs for patients through 
the introduction of marginal coverage policies with large deductibles, 
frequent prior approval requirements, upfront coverage denials and 
low co-pay caps, all of which fail to address the high costs associated 
with cancer care. In a study at a large health-care centre in the USA, 26% 
of patients with cancer reported what they described as financial toxic-
ity264. The National Cancer Institute defines financial toxicity as “[the] 
problems a patient has related to the cost of medical care”265, noting the 
fact that patients with cancer are more likely to experience financial 
toxicity than the general population. Financial toxicity can have a deep 
and lasting effect on patient willingness to continue expensive treat-
ments that could result in greater patient debt or even bankruptcy263. 
In addition, financial toxicity might be associated with poor physical 
and emotional health, reduced survival and HR-QOL (the latter, in part, 
owing to poor social engagement), anxiety and depression, as well as 
suicidal ideation266.

Patients with cancers at more advanced stages, major medical con-
ditions, from minority groups, with lower educational levels and/or 
who are survivors of childhood cancer tend to be at the greatest risk 
of financial toxicity266,267. Moreover, among 9 million individuals aged  
≥50 years and newly diagnosed with cancer followed in the Health 
Retirement Study, over 42% had depleted their life savings by the 
second year after diagnosis; older women, patients on Medicaid or 
uninsured, those with major comorbidities, and those with progressive 
cancer were the most affected268.

Management
Strategies to mitigate the increasing costs of therapeutic agents and 
their effect on patients include the wide-scale use of generic medica-
tions and the introduction of biosimilars in the past decade in an effort 
to compete with highly expensive novel therapies269–271, although their 
mitigating effect on patient financial burden has been limited thus 
far269,270. Subsequent efforts have focused on greater price transpar-
ency for drugs, tests and hospitalization as well as novel payment and 
reimbursement models, including various proposals for more value-
based pricing. ASCO and ESMO have developed scales to define the 
value of oncology treatments272–274, which are yet to demonstrate an 
effect on pricing and clinical practice272,275. Patient and health-care 
provider initiatives have included petitions calling for lower prices 
for cancer drugs and for the government of the USA to negotiate drug 
pricing similarly to other HICs276. Finally, the importance of the financial 
burden of cancer care on patients and their families has prompted the 

common use of the term financial toxicity, likening it to other adverse 
events associated with cancer treatment and thus with an increasing 
call to discuss its effect on patients early in their management187,277,278.

To better measure and follow the factors associated with finan-
cial toxicity, several instruments have been developed and validated, 
including but not limited to the Comprehensive Score for Financial 
Toxicity, the Breast Cancer Finances Survey inventory and the Socio-
economic Wellbeing Scale279. The large variation in insurance coverage 
associated with different health-care plans has proved challenging to 
both patients and providers attempting to advise their patients about 
the financial effect of various therapeutic options; this situation has 
resulted in increased reliance on trained financial counsellors, further 
expanding the staff needed for appropriate cancer care.

Emerging strategies
Ultimately, health care must be recognized as a human right280. As 
we undertake a concerted effort to align health-care delivery with 
our moral, ethical and social understanding of fairness, compassion 
and justice, the medical community has an urgent obligation to elimi-
nate financial toxicity, which inflicts incalculable harm on the most 
vulnerable members of our society263.

Conclusions
The trajectory of various toxicities associated with oncology treat-
ments is often unique to each cancer type and, most importantly, to 
each patient with cancer or cancer survivor. In 2022, we reviewed the 
most common major acute CAAEs1; however, the separation of acute 
toxicities from late effects is often not entirely clear, and knowledge 
about the long-term effects of certain early adverse events remains 
limited. For example, CRF, febrile neutropenia (often with serious hos-
pitalizations owing to infection) and CIPN most commonly manifest 
early during treatment and, yet, can have persistent long-term effects 
for some survivors years after the initial cancer treatment or can be 
ongoing for those cancer survivors who remain on treatment. Sexual 
and reproductive effects can also often manifest early and continue 
to affect HR-QOL and intimate relationships decades later. Alterna-
tively, several toxicities mostly manifest as late effects (for example, 
bleomycin-induced lung toxicity or cardiovascular disease) and reduce 
survival; yet, some of these toxicities remain poorly studied.

Given the complexity of toxicity management in cancer survivors, 
additional education and awareness of all cancer-related long-term 
toxicities and how they can present and affect survivorship is a key 
component of education for all specialties of medicine, including 
primary care providers, to ensure the best patient outcomes. Care 
coordination is a key component of survivorship care; in this regard, 
primary care providers are key stakeholders in ensuring that cancer 
survivors are receiving optimal care234. Care coordination is of utmost 
importance, particularly in survivors with multiple medical comor-
bidities resulting from chronic health conditions, cancer treatment 
complications and ageing235.

Risk-stratified personalized care is the future of effective survi-
vorship care delivery245. Decisions regarding the model of health-care 
delivery need to be tailored to the type of cancer, treatment exposure, 
comorbidities and other patient risk factors242. The increased use of 
telehealth services, catalysed by the COVID-19 pandemic, has improved 
access to survivorship care in certain populations, although disparities 
remain246,247.

Central to the appropriate coordination of survivorship care 
among disciplines is overall health promotion focusing on lifestyle 
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behaviours that can improve physical and emotional well-being and 
overall HR-QOL as well as mitigate the risk of cancer recurrence248–250. 
Many cancer survivors continue to have lifestyle habits that have nega-
tive effects on overall health and increase the risk or severity of CAAEs, 
including tobacco use, excess alcohol consumption, sedentary lifestyle, 
obesity and unhealthy diets251. Lifestyle changes (such as smoking 
cessation, dietary management and exercise) are needed to improve 
health outcomes and are addressed by multiple implementation sci-
ence initiatives121,250. Regular exercise can improve outcomes associated 
with a cancer diagnosis and treatment, including CRF, HR-QOL, physi-
cal function and depressive symptoms252–257. An overall framework of 
health promotion is needed from diagnosis through acute treatment 
and on to survivorship and end-of-life care. Importantly, the outcomes 
of patients with cancer are influenced by their socioeconomic environ-
ment (or social determinants of health). Across different communities, 
health outcomes can be disproportionately affected by social determi-
nants of health, including economic security, education, health-care 
access and/or quality, and community context30,281.

The successful execution of health-promotion initiatives requires 
investigations of social determinants of health, health-care delivery 
and coordination challenges, and must integrate patient preferences 
within established frameworks for implementation and dissemina-
tion science258,282,283. Finally, more research is needed to design better 
interventions to mitigate CAAEs as the number of cancer survivors con-
tinues to grow globally. Additionally, the implementation of existing 
validated interventions will continue to serve this growing population 
while we all strive to improve care models and management strategies.

Published online: xx xx xxxx
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