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BACKGROUND: Depression is are often insufficiently managed in cancer patients globally. To address this, we conducted a
comprehensive systematic review and network meta-analysis to evaluate and compare the effectiveness of pharmacological and
non-pharmacological interventions in alleviating depressive symptoms in adult cancer patients.
METHODS: We searched PubMed, EMBASE, the Cochrane Library, and ClinicalTrials.gov from inception until 31 July 2024, with an
updated search conducted on 10 January 2025. Eligible studies were randomised controlled trials evaluating pharmacological or
non-pharmacological interventions for depressive symptoms in adult patients with cancer (aged ≥18 years). Studies involving
paediatric populations, lacking complete outcome data, or not reporting intervention outcomes were excluded. A Bayesian network
meta-analysis was undertaken to compare the effectiveness of included interventions. The review protocol was prospectively
registered in PROSPERO (CRD42023465056).
FINDINGS: A total of 95 RCTs involving 17,260 participants were included. Several non-pharmacological interventions indicated
potential benefit compared with usual care, notably massage and touch therapy (standardised mean difference [SMD]: −0.76, 95%
CI: −1.37 to −0.16; low certainty), relaxation therapy (SMD: −0.59, 95% CI: −1.06 to −0.11; low certainty), psychotherapy (SMD:
−0.43, 95% CI: −0.56 to −0.30; low certainty), and education and support of person with cancer (SMD: −0.30, 95% CI: −0.45 to
−0.14; low certainty). Among pharmacological approaches, preliminary findings suggest the combination of mirtazapine and
methylphenidate may offer benefits compared with placebo (SMD: −2.46, 95% CI: −4.24 to −0.70; low certainty). However, the
overall evidence quality was low, reflecting substantial variability and limited data.
INTERPRETATION: Non-pharmacological interventions such as massage, relaxation therapies, and psychotherapy show promise in
alleviating depressive symptoms in cancer patients. Limited preliminary evidence also suggests possible benefits of combined
pharmacological treatment (mirtazapine plus methylphenidate). More rigorous research is required to strengthen these findings
and better inform clinical practice.
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INTRODUCTION
Cancer is a common and life-threatening chronic disease, with its
incidence steadily rising worldwide, despite overall improvements
in survival rates [1]. However, within this growing population of
cancer survivors, patients often face a substantial disease burden,
frequently accompanied by complex comorbidities. Among these
comorbidities, depression is a common and serious mental health
issue. Statistics indicate that the average prevalence of depression
among all cancer patients is 21.2% [2], rising to 24.6% [3] in
patients with advanced cancer. Notably, studies have shown that
cancer patients with concurrent mental health disorders face a
higher risk of mortality and have a shorter life expectancy
compared to the general population [4, 5].
Effective management of stress and negative emotion may

positively impact tumor initiation, growth, metastasis, and the

cancer immunotherapy process through neuroendocrine regula-
tion [6]. Despite the common occurrence of psychological
symptoms among cancer patients, these symptoms are often
inadequately treated [7, 8]. The prevalence of severe adverse
outcomes—including shortened survival, increased suicide risk,
more frequent euthanasia requests, and markedly diminished
treatment adherence—starkly evidences this therapeutic gap,
demanding urgent attention in clinical practice [9].
Addressing the mental health of cancer patients is crucial for

improving overall treatment outcomes. Interventions for depres-
sion in cancer patients are divided into non-pharmacological
treatments, such as group psychosocial interventions (e.g., stress
reduction, positive coping, enhanced social support from friends/
family, managing physical symptoms and changes, and promoting
healthy behavior changes), and individual psychosocial
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interventions (e.g., cognitive restructuring, behavioral activation,
biobehavioral strategies, education, and/or relaxation techniques),
as well as psychopharmacological treatments.
Antidepressants, including selective serotonin reuptake inhibi-

tors (SSRIs), monoamine oxidase inhibitors (MAOIs), serotonin-
norepinephrine reuptake inhibitors (SNRIs), and tricyclic antide-
pressants (TCAs), are the most commonly prescribed medications
for patients with depression. However, randomized controlled
trials evaluating the effectiveness of antidepressants in cancer
patients are relatively scarce, and their results are often contra-
dictory, leaving the effectiveness of these medications in this
population uncertain. The latest meta-analyses [10] suggest that
antidepressants may offer potential benefits to cancer patients
with depression. Although these analyses generally supports the
use of antidepressants in alleviating cancer-related depression,
they do not thoroughly investigate the differences in effectiveness
among various antidepressants.
In contrast, non-pharmacological treatments are gaining

increasing attention as effective interventions for depression in
cancer patients. The ASCO guidelines indicate that the evidence
supporting the effectiveness of psychosocial interventions is
stronger than that for pharmacological treatments [11]. Recent
high-quality clinical trials have further validated the effectiveness
of these non-pharmacological approaches [12, 13].
Although various interventions have been proposed for

managing depression in cancer patients, few trials provide direct
head-to-head comparisons, particularly among non-
pharmacological treatments. Evidence for pharmacological inter-
ventions is also limited and heterogeneous, complicating the
synthesis of findings across studies.
To address this, we conducted a Bayesian network meta-

analysis to compare the relative effectiveness of multiple
treatment options. This method combines direct and indirect
evidence within a single analytical framework, enabling compar-
isons even when head-to-head trials are lacking. Unlike traditional
pairwise meta-analyses, the Bayesian approach allows for more
flexible modelling and provides treatment rankings based on
probability estimates. This analysis aims to inform clinical decision-
making by offering a clearer understanding of which interventions
may be most effective for managing depression in people with
cancer.

MATERIALS AND METHODS
Our systematic review and network meta-analysis adhere to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) extension statement (Supplementary Table 1).
This study has been registered with PROSPERO (registration
number CRD42023465056).

Search strategy
We conducted a systematic review and network meta-analysis
without language restrictions. Databases including PubMed,
EMBASE, Cochrane Library, and ClinicalTrials.gov were searched
from their inception until 31 July 2024, with an updated search
conducted on 10 January 2025. Detailed search strategies are
outlined in Supplementary Table 2. Reference lists from included
studies and relevant systematic reviews were also screened to
identify additional eligible studies.

Inclusion criteria
Included studies were randomized controlled trials evaluating
pharmacological interventions approved by relevant regulatory
authorities (e.g., Food and Drug Administration) and non-
pharmacological interventions (e.g., psychotherapy, music ther-
apy, exercise therapy) for depressive symptoms in adults with
cancer. Editorials, commentaries, case reports, duplicate publica-
tions, and studies with incomplete outcome data were excluded.

Data extraction and bias risk assessment
Three reviewers independently reviewed the identified literature
and finalised the studies for inclusion. From these studies, we
extracted pertinent data encompassing study features (e.g., authors,
year of publication), patient demographics (e.g., average or median
age, percentage of female patients, education, marital status, initial
depression scores), specifics of the disorders described (e.g., type of
cancer, cancer stage, period since diagnosis), details of the
interventions, and the employed depression rating scales. Two
psychiatrists delineated all interventions following the descriptions
provided by the original authors. For depression scores, we
collected mean changes and their standard deviations. If authors
provided pre- and post-intervention measurements, we calculated
the mean change and its standard deviation using methods
outlined in the Cochrane Handbook. Additionally, we liaised with
study authors to source supplementary or hitherto unpublished
data absent from the original manuscripts.
The risk of bias was assessed independently by three reviewers

using the Cochrane risk-of-bias tool 2.0 (RoB2) [14], with
disagreements resolved through discussion and consensus.

Data analysis
The standardized mean difference (SMD) with a 95% confidence
interval (CI) was used as the effect size for changes in depression
scores.
STATA MP (version 17.0) was used to produce network graphs

to assess the connectivity of available evidence. By R software
(version 4.2.1) using the gemtc package (versions 1.0-1) and JAGS
software (version 4.3.2), the Markov Chain Monte Carlo simulation
technique was used in Bayesian network meta-analysis of random-
effects models. We used uninformative and normal prior
distributions and built four independent Markov chains. For each
analysis, we ran 50,000 burn-ins and 100,000 sample iterations to
obtain the posterior distribution. Trajectory plots (Supplementary
Fig. 1) and Brooks-Gelman-Rubin diagnostic plots (Supplementary
Fig. 2) were used to assess the degree of model convergence
visually. To rank each intervention, we used the surface under the
cumulative ranking curve (SUCRA) to assess the probability of
each intervention being the best intervention. An area of 1 is the
best, and an area of 0 is the worst. The node-splitting method
assessed local inconsistencies within the network, while Egger’s
and Begg’s tests were utilized to evaluate publication bias through
funnel plot symmetry. In addition, we prespecified summary
estimates of year of study publication, proportion of women,
sample size, used meta-regression to determine the impact of
these potential effect modifiers. Subgroup analyses explored
outcomes based on different psychotherapies (symptom manage-
ment education and coping skills for negative emotions, meaning
centered psychotherapy, supportive psychotherapy, cognitive-
behavioral therapy, mindfulness, dignity therapy), age (<55 and
≥55 years), cancer type (breast and non-breast cancers), interven-
tion duration (<12 and ≥12 weeks), and baseline depression
severity (no or mild and moderate or severe). Sensitivity analyses
assessed the stability of results by excluding studies with small
sample sizes (<40 participants) or unclear intervention durations.
Furthermore, We conducted a pairwise meta-analysis of head-

to-head comparisons using the frequentist approach and com-
pared the results with the corresponding pooled estimates from
the Bayesian framework. Statistical heterogeneity were assessed
using the inconsistency index (I²). I² values were interpreted as
indicating low heterogeneity (<25%), moderate heterogeneity
(25–50%), and high heterogeneity (>50%).

Assessment of certainty of evidence
We assessed the certainty of effect estimates for the primary
outcomes using the CINeMA (Confidence in Network Meta-
Analysis) framework and web-based application [15, 16]. This
evaluation covered six key domains: within-study bias (risk of
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bias), across-study bias (e.g., small-study effects or publication
bias), indirectness, imprecision, heterogeneity, and incoherence
(i.e., inconsistency between direct and indirect evidence). For each
domain, we assigned one of three ratings—no concerns, some
concerns, or major concerns—and then integrated these ratings
to determine an overall confidence level for each comparison
(high, moderate, low, or very low).

RESULTS
Systematic evaluation and characteristics
From 37,159 identified citations, we excluded 34,815 after
screening titles and abstracts, leaving 2344 full-text articles for
detailed review. Of these, 95 randomized controlled trials (RCTs)

met our inclusion criteria, comprising 85 non-pharmacological
and 10 pharmacological interventions (Fig. 1). These trials
enrolled a total of 17,260 cancer patients, evaluating 10 distinct
non-pharmacological and 10 pharmacological intervention
strategies. Classifications of non-pharmacological interventions
are presented in Supplementary Table 3. Participants in most
trials had a mean age under 65 years, with a majority being
female. Intervention durations predominantly ranged up to
12 weeks (Table 1). No significant differences in baseline
characteristics among studies were observed, supporting our
assumption of transitivity. Supplementary Tables 4 and 5 outline
individual study characteristics, and patient baseline data is
detailed in Supplementary Table 6. Risk of bias assessments are
summarized in Supplementary Fig. 3.

Fig. 1 Flowchart of our study.
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Heterogeneity, inconsistency, and reporting bias
Pairwise meta-analyses under the frequentist framework and
network meta-analyses using the Bayesian framework are detailed
in Supplementary Table 7. Significant heterogeneity was detected
among non-pharmacological interventions, notably psychother-
apy versus usual care (I²= 88.10%), education and support versus
usual care (I²= 69.90%), and education and support versus
psychotherapy (I²= 74.50%). For pharmacological interventions,
substantial heterogeneity appeared in the comparison of
paroxetine versus placebo (I²= 53.90%). The node-splitting
method revealed inconsistencies between direct and indirect
evidence for psychotherapy versus usual care (P= 0.02) and
education and support versus usual care (P= 0.04) (Supplemen-
tary Table 8). Although potential publication bias existed among
non-pharmacological interventions, robustness analyses using
the Metatrim method confirmed persistent statistically signifi-
cant intervention effects after bias correction (Supplementary
Fig. 4).

Comparisons of depression change
We conducted a primary network meta-analysis comparing the
effectiveness of non-pharmacological and pharmacological inter-
ventions in reducing depressive symptoms among cancer
patients. 85 studies involving 16,128 participants evaluated non-
pharmacological interventions, while 10 studies with 1132
participants assessed pharmacological approaches (network dia-
gram: Fig. 2). Our findings indicate that non-pharmacological
interventions, including massage and touch therapy (SMD: −0.76;
95% CI: −1.37 to −0.16; low certainty), relaxation therapy (SMD:
−0.59; 95% CI: −1.06 to −0.11; low certainty), psychotherapy
(SMD: −0.43; 95% CI: −0.56 to −0.30; low certainty), and
education and support of person with cancer (SMD: −0.30; 95%
CI: −0.45 to −0.14; low certainty), significantly reduced depressive
symptoms compared to usual care. Among pharmacological
interventions, only mirtazapine combined with methylphenidate
showed a statistically significant improvement relative to placebo
(SMD: −2.46; 95% CI: −4.24 to −0.70; low certainty) (Fig. 3).

Table 1. Characteristics of the included studies.

Characteristics % (No) non-pharmacological interventions of
studies (n= 85)

% (No) pharmacological interventions of
studies (n= 10)

Mean age of participants (years)

<55 48.24 (41) 50 (5)

55–65 40.00 (34) 40 (4)

>65 9.41 (8) 10 (1)

Not reported 2.35 (2) 0

Women (%):

0–49 20.00 (17) 10 (1)

50–100 80.00 (68) 90 (9)

Cancer type

Breast cancer 43.53 (37) 30 (3)

No Breast cancer 52.94 (45) 60 (6)

Not reported 3.53 (3) 10 (1)

Duration of study intervention (weeks):

<6 11.76 (10) 30 (3)

6–12 58.82 (50) 70 (7)

>12 25.88 (22) 0

Not reported 3.54 (3) 0

Samplesize

<30 0 10 (1)

30–100 34.12 (29) 70 (7)

>100 65.88 (56) 20 (2)

Measurement tool for depression:

Hospital Anxiety and Depression Scale
(HADS)

44.71 (38) 30 (3)

Center for Epidemiologic Studies
Depression Scale (CES-D)

12.94 (11) 20 (2)

Patient Health Questionnaire (PHQ)# 12.94 (11) 0

Beck Depression Inventory score (BDI) 8.24 (7) 0

Hamilton Depression Scale (HAMD) 5.88 (5) 20 (2)

Other 15.29 (13)* 30 (3)**

Patient Health Questionnaire (PHQ)# includes a group of validated screening tools widely used to assess depressive symptoms. In this review, studies used
various versions of the PHQ, including the PHQ-2, PHQ-4, PHQ-8, and PHQ-9.
Other* refers to studies that employed alternative self-report measures of depression. Specifically, 4 studies used the Profile of Mood States (POMS), 3 used the
Depression Anxiety Stress Scales-21 (DASS-21), 2 used the Self-Rating Depression Scale (SDS), 1 used 20-item Hopkins Symptom Checklist (HSCL-20), 1 used
Affects Balance Scale, Depression subscale (ABS-dep), 1 used The PROMIS-Depression Short Form v1.0 8b (PROMIS-D) and 1 study used the Symptom
Checklist-20 depression scale (SCL-20). Other** including 2 study used Montgomery-Asberg Depression Rating Scale (MADRS), 1 study used Self-Rating
Depression Scale (SDS).
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Rankings
Rankings based on probabilities and SUCRA values are detailed in
Supplementary Tables 9 and 10, supporting the pooled results. Non-
pharmacological interventions with higher rankings included massage
and touch therapy (SUCRA: 0.86), relaxation therapy (SUCRA: 0.75), and
psychotherapy (SUCRA: 0.65). Among pharmacological interventions,
mirtazapine combined with methylphenidate (SUCRA: 0.97) and
mianserin (SUCRA: 0.77) had higher rankings.

Meta-regression and sensitivity analysis
Meta-regression analyses revealed no significant influence of
publication year, proportion of females, or sample size on
outcomes (Supplementary Table 11). Sensitivity analyses exclud-
ing potential confounders did not alter primary conclusions,
confirming robustness of results. Supplementary Figs. 5 and 6
illustrate network diagrams and detailed analyses from these
assessments.

Evidence confidence assessment
The evidence assessment using the CINeMA approach is detailed
in Supplementary Tables 12 and 13, including the number of
primary studies contributing to each treatment comparison. Most
comparisons were informed by only one to three trials, except for
psychotherapy versus usual care (n= 37) and education and
support versus usual care (n= 22).

Subgroup analysis
We performed subgroup analyses based on psychotherapy type,
patient age, cancer type, intervention duration, and baseline
depression severity:

Psychotherapy type. Reminiscence therapy, cognitive behavioural
therapy, symptom management education and coping skills for
negative emotions, meaning-centered psychotherapy, and mind-
fulness interventions were significantly superior to usual care
(Supplementary Figs. 7, 8).

Age. In patients under 55 years, massage and touch, relaxation
therapy, and psychotherapy significantly improved depressive
symptoms compared to usual care. No pharmacological treat-
ments demonstrated superiority. For patients aged 55 years and
older, psychotherapy and education and support of person with
cancer outperformed usual care; again, no pharmacological
interventions showed advantage (Supplementary Figs. 9, 10).

Cancer type. Among non-breast or mixed cancer populations,
psychotherapy and education and support of person with cancer
were effective compared to usual care, while pharmacological
interventions were not significantly better than placebo. In breast
cancer patients, relaxation therapy, psychotherapy, and education
and support of person with cancer were superior to usual care,
with no significant pharmacological benefit (Supplementary Figs.
11, 12).

Intervention duration. For interventions lasting less than 12
weeks, massage and touch, relaxation therapy, and psychotherapy
demonstrated effectiveness. For interventions of 12 weeks or
longer, psychotherapy, education and support of person with
cancer, and exercise significantly reduced depressive symptoms
compared to usual care. For pharmacological interventions lasting
less than 12 weeks, none showed significant superiority over
placebo. For interventions of 12 weeks or longer, only two studies
were available, limiting detailed analysis (Supplementary Figs. 13,
14).

Depression severity. In patients with mild or no depression,
relaxation, massage, and psychotherapy significantly outper-
formed usual care, whereas pharmacological treatments showed
no advantage. For moderate to severe depression, psychotherapy
was significantly effective (Supplementary Figs. 15, 16).

DISCUSSION
In this systematic review and network meta-analysis, we explored
a variety of interventions aimed at reducing depressive symptoms
in adults with cancer. The analysis included data from 95 clinical
trials: 85 trials evaluating non-pharmacological interventions and
10 assessing pharmacological treatments. These studies collec-
tively involved 17,260 patients, comprising 16,128 participants
assigned to non-pharmacological interventions and 1132 to
pharmacological interventions. To our knowledge, this is among
the first network meta-analyses comparing the effectiveness of
both non-pharmacological and pharmacological interventions for
managing depression in cancer patients, providing an indicative
ranking based on their relative effectiveness. Nevertheless, it is
essential to acknowledge the limitations in available evidence for
certain interventions due to the small number of studies.
Our analysis suggested that several non-pharmacological

strategies, such as massage and touch therapy, relaxation therapy,

Fig. 2 Network diagram of interventions designed to reduce depressive symptoms in patients with cancer. A: Network diagram of
effectiveness of non-pharmacological interventions designed to reducing depressive symptoms in cancer patients. B: Network diagram of
effectiveness of pharmacological interventions designed to reducing depressive symptoms in cancer patients. Each intervention is
represented as a node, and direct comparisons of the two interventions in the RCT are shown as links between nodes. The size of the nodes
reflects the number of patients treated, and the width of each edge is proportionally weighted according to the number of comparisons.
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psychotherapy, and educational and support programs for cancer
patients, were associated with improvements in depressive
symptoms compared with usual care. Among pharmacological
treatments, the combination of mirtazapine and methylphenidate
appeared to provide notable benefits over placebo, though the
certainty of this evidence was limited. Subgroup analyses revealed
notable variability in outcomes, suggesting that certain non-
pharmacological interventions may be especially effective in
specific contexts. Psychotherapy consistently demonstrated high
efficacy across all subgroups, supporting its role as a foundational
element of psychosocial care. Evidence-based modalities—such as
cognitive behavioural therapy, symptom management and emo-
tional coping skills training, meaning-centred psychotherapy, and
mindfulness—should be prioritised in routine clinical practice.
Beyond psychotherapy’s broad utility, our analysis identified
opportunities for further targeted intervention: massage and
touch therapy was most effective for patients younger than
55 years and for shorter-term interventions, while relaxation
therapy showed optimal benefits for breast cancer patients and
those with mild or no depression. In these specific instances,
clinicians might prioritize these indicated therapeutic modalities

as frontline approaches, with psychotherapy serving as a robust
complementary option, always tailored to individual patient needs
and preferences. Over the past few decades, numerous studies
have evaluated non-pharmacological treatments in cancer
patients, finding that interventions such as psychotherapy
[17–22], relaxation therapy [23], massage [24], and touch therapy
can significantly alleviate depressive symptoms. These findings are
consistent with our results, further emphasizing the importance of
these interventions as part of a comprehensive approach to
cancer treatment. Given the variety of psychotherapeutic
approaches, we differentiated between different therapeutic
modalities and found that reminiscence therapy, cognitive-
behavioral therapy, symptom management, psychoeducation for
coping with negative emotions, meaning-centered psychother-
apy, and mindfulness therapy all significantly outperformed usual
care, further highlighting the effectiveness of psychotherapies.
Notably, our findings also indicate that educational and support
programs for cancer patients are effective in alleviating depressive
symptoms, which aligns with the growing body of evidence in the
digital health era [25], where e-health interventions have shown
promise in supporting the mental health of cancer patients.

Fig. 3 Network meta-analysis of interventions designed to reduce depressive symptoms in patients with cancer. Summary of pooled
standardized mean differences (SMD) (95% credible intervals) for non-pharmacological interventions (upper triangle) and pharmacological
interventions (lower triangle). Data in each cell are SMD (95% credible intervals) for the comparison of column-defining treatment versus row-
defining treatment (upper triangle) and SMD (95% credible intervals) for the comparison of row-defining treatment versus column-defining
treatment (lower triangle). Ranking first means this treatment provides the best effectiveness.
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However, despite previous meta-analyses demonstrating that
music and art therapy [26, 27], as well as yoga [28, 29], can
significantly reduce depressive symptoms, these interventions did
not show the same benefits in our study. Lastly, the existing
literature provides inconsistent evidence regarding the effective-
ness of exercise interventions. Although researchers such as Abdul
Salam [30], Lynette L. Craft [31], and Cho Yin Joyce Law [32] have
highlighted the significant benefits of exercise therapy in
alleviating depressive symptoms in cancer patients, this was not
confirmed by Joke Bradt’s [33] study. Consistent with this, our
study also did not observe any significant improvements in
depressive symptoms related to exercise interventions. However,
in further subgroup analysis, we found that exercise interventions
lasting more than 12 weeks could alleviate depressive disorders in
cancer patients, suggesting that further exploration of the
potential benefits of exercise is warranted.
For pharmacological interventions, previous meta-analyses have

provided preliminary evidence on the effectiveness of antidepres-
sants in treating depressive symptoms among cancer patients.
Riblet et al.’s [34] systematic review compared the effects of
antidepressants and placebo across different cancer types and
stages, suggesting that specific drugs, such as paroxetine,
fluoxetine, and mianserin, may have advantages in alleviating
cancer-related depression. In a recent 2023 meta-analysis, Ostuzzi
and colleagues [10] supported the potential benefits of antide-
pressants for patients with cancer-related depression. In our own
study, we analyzed the use of antidepressants and found that, in
preliminary research, only a specific combination of two drugs
showed a trend toward greater effectiveness compared to either
drug used alone, although the certainty of evidence was low. This
finding is particularly noteworthy as it suggests that certain drug
combinations may be more effective than monotherapy, offering a
potential new avenue for clinical practice.
Previous meta-analyses typically focused on specific pharma-

cological or non-pharmacological interventions for a single cancer
type, limiting the generalizability of their findings. To address this
limitation, our network meta-analysis included a broad range of
interventions across various cancer types and stages, providing a
relative ranking of their effectiveness. However, many treatment
comparisons were supported by only one or two studies,
increasing the risk of small-study effects and potentially leading
to overestimation of effect sizes. Health professionals should
therefore interpret such findings with caution—particularly for
interventions based on limited evidence—and prioritise those
supported by more consistent and robust data when making
treatment decisions for patients with cancer-related depression.
These results have important implications for clinical decision-

making. The effectiveness of non-pharmacological interventions
suggests they should be considered as key components of
depression management in cancer care, particularly because of
their generally favorable safety profiles and patient acceptability. In
cases where depressive symptoms are more severe, pharmacolo-
gical treatments like mirtazapine and methylphenidate may be
appropriate, though careful consideration of the evidence and
individual patient circumstances is essential.Our study also empha-
sizes the importance of early psychological screening and timely
intervention in cancer care. Tailoring depression management
strategies to the specific needs of cancer patients, considering
factors such as age, cancer type, and depression severity, could lead
to better outcomes and improved quality of life.Additionally, the
long-term sustainability of these interventions warrant further
investigation to guide more informed clinical decisions.
Our findings contribute to the ongoing effort to integrate

effective mental health interventions into cancer care. By
prioritizing evidence-based non-pharmacological strategies and
carefully evaluating pharmacological options, healthcare providers
can better support the psychological well-being of cancer patients
and potentially enhance their overall outcomes.

LIMITATIONS OF THIS REVIEW
This study has several limitations. Firstly, maintaining blinding for
participants and providers in non-pharmacological intervention
studies presents significant challenges [35]. The inability to achieve
full blinding inevitably introduces observer bias, potentially
compromising the objectivity of intervention effects and the
reliability of study results. This potential bias must be carefully
considered when interpreting the findings. Secondly, although
disease severity is a critical factor influencing depressive symptoms,
most included studies lack consistent and comparable tumor
staging information, impeding stratified analyses based on disease
severity. This limitation restricts our understanding of patient
responses across different stages of the disease. Thirdly, the lack of
standardized classification for non-pharmacological interventions
adds to this complexity. Although the ten intervention categories
were determined after careful deliberation by several psychiatrists,
the classification remains somewhat subjective. Fourth, some
studies did not report extractable outcome data, preventing their
inclusion in the analysis. Although we contacted the authors for
additional information, not all responded or provided usable data.
This may have reduced the completeness of the evidence and
introduced selection bias. Furthermore, the unusually large effect
sizes observed for some interventions, such as the combination of
mirtazapine with methylphenidate, raise concerns about the
reliability and generalizability of these results. These effect sizes
are notably higher than those typically reported for antidepressant
treatments. Several factors could contribute to these discrepancies,
including potential confounding effects of antidepressants on pain
management in cancer patients, as well as the unique context of
cancer-related depression, where symptomatology and treatment
responses may differ from the general population.

CONCLUSION
Our network meta-analysis offers a comprehensive evaluation of
the effectiveness of both pharmacological and non-
pharmacological interventions for alleviating depressive symp-
toms in adult cancer patients. The findings of this study not only
have the potential to influence current clinical practice but also to
shape future treatment strategies significantly. We identified that
certain interventions, both pharmacological and non-pharmaco-
logical, may provide substantial benefits to cancer patients.
Consequently, we recommend that interdisciplinary teams—
including professionals from oncology, psychiatry, nursing,
sociology, and related fields—collaborate closely to develop
integrated and coordinated treatment plans for these patients.
Overall, our study offers preliminary evidence to guide healthcare
providers in selecting appropriate treatment strategies to improve
depressive symptoms in cancer patients. Additionally, our findings
highlight key research priorities, emphasizing the need for direct
comparative randomized controlled trials between non-
pharmacological and pharmacological interventions, as well as
combination therapies. Moreover, high-quality, large-scale trials
are particularly crucial for evaluating the effectiveness of new
therapeutic approaches in this area.

Modification of the protocol
If we need to amend this protocol, we will give the date of each
amendment, describe the change and give the rationale in this
section. Changes will not be incorporated into the protocol.

DATA AVAILABILITY
The data that support the findings of this study are available from the corresponding
author upon reasonable request.
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