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Abstract

Background: Cancer imposes a growing burden in sub-Saharan Africa, with mortality-to-incidence ratios near 65%. In the conflict-affected Kivu sub-region
of the Democratic Republic of the Congo, late-stage presentation, absent specialized oncology services, and weak health systems place final-year
medical interns at the frontline of care. Evidence on their cancer-related competencies remains scarce.

This study aimed to assess knowledge, perceptions, and experiences regarding cancer among final-year medical interns in North Kivu, South Kivu, and
Maniema, and to identify factors associated with knowledge levels.

Methods: A multi-institutional cross-sectional survey was conducted from 1 March to 31 May 2026. An expert-reviewed and pilot-tested questionnaire
comprising 74 knowledge items (score range, 0—74) and 5 perception items (score range, 0 - 5) was administered online or face-to-face across seven
institutions. A beta-binomial mixed-effects model with university as a random intercept assessed factors associated with knowledge performance.

Results: Among 260 participants (mean age, 26 + 2 years; 63% male), the mean knowledge score was 46.2 + 9.3 (=62%). Only 1.2% achieved good
knowledge, while 52.7% had insufficient or poor knowledge. Performance was highest for cancer definition (78.1%) and lowest for the single palliative-
care item (21.9%), awareness and information sources (43.2%), and risk factors (57.9%). Perceptions were predominantly favorable (82.3%), although
only 24.2% ranked cancer control as a top national priority. Higher perception scores were associated with higher odds of correct responses (aOR, 1.19;
95% Cl, 1.12-1.26; P < .001). Originating from outside the DRC was associated with higher odds of correct responses (aOR, 1.69; 95% Cl, 1.13-2.55; P =
.012), although this association was exploratory (n=10).

Conclusions: Final-year medical interns showed moderate cancer knowledge, with important gaps in prevention, risk factors, and the single palliative-
care item despite predominantly favorable perceptions. Strengthening undergraduate oncology education is warranted.

INTRODUCTION

Cancer remains one of the most pressing public health challenges of the twenty-first century. According to the latest GLOBOCAN estimates,
approximately 20.6 million new cancer cases and 9.8 million cancer-related deaths occurred worldwide in 2024(1). In Africa, about 1.22 million new
cases and more than 727,000 deaths were recorded in the same year, corresponding to a mortality-to-incidence ratio of nearly 60%. The continent
continues to bear a disproportionately high burden, with projections indicating a substantial further increase by 2050(1, 2).

The global response to cancer is coordinated by organizations such as the World Health Organization (WHO), the Union for International Cancer Control
(UICC), and the International Cancer Control Partnership (ICCP)(3). These bodies emphasize prevention, early detection, treatment, and palliative care,
while supporting member states in the development, implementation, and evaluation of National Cancer Control Plans (NCCPs) to strengthen health-
system capacity(4)

In sub-Saharan Africa, rapid and often unplanned urbanization, dietary transitions, and lifestyle changes including sedentary behavior, alcohol
consumption, tobacco use, low-fiber diets, and shifts in reproductive patterns have created favorable conditions for the rise of non-communicable
diseases, including cancer(5, 6). As a result of this epidemiological transition, the number of cancer cases has increased substantially in recent
decades(5, 7).

Low- and middle-income countries, particularly those in sub-Saharan Africa, face distinctive challenges: late-stage diagnosis, severe shortages of
specialized infrastructure and trained oncology personnel, weak health systems, and inadequately implemented or absent national cancer control
programmes. Geographic, social, and financial barriers further compound these difficulties. Consequently, mortality rates remain approximately 65%,
compared with around 30% in high-income countries(7-9).

In the Democratic Republic of the Congo (DRC), the absence of a population-based cancer registry still limits access to comprehensive national
epidemiological data(10-14). However, a National Cancer Control Center (NCCC) was established in November 2020 as the coordinating structure for
the national cancer control programme, and efforts are underway to develop a prioritized National Cancer Control Plan. According to the imPACT Review
Report (Cancer Control Capacity and Needs Assessment, Democratic Republic of the Congo, November 2021), conducted by the Ministry of Public
Health, Hygiene and Prevention in collaboration with the World Health Organization (WHO), the International Agency for Research on Cancer (IARC) and
the International Atomic Energy Agency (IAEA), GLOBOCAN 2020 estimates indicate that women accounted for 27 222 of the 48 839 new cancer cases
recorded in the country. Cervical cancer was the leading site (7 772 cases, 28.55%), followed by breast cancer (7 267 cases, 26.69%) and colorectal
cancer (1 449 cases, 5.32%)(11). In comparison, a hospital-based series from the oncology department of the Kinshasa Hospital Center (2007-2021)
documented 1 104 cancers among women, of which breast cancer represented nearly half (509 cases, 46.11%) and cervical cancer 27.45% (303 cases);
other sites each accounted for between 0.18% and 4.71% of recorded cases(15).

These structural weaknesses are markedly aggravated in the eastern part of the country. For more than three decades the DRC has experienced recurrent
violent conflict, especially in the Kivu region. The consequences include massive population displacement, persistent food insecurity, widespread
destruction of infrastructure, and profound deterioration of the health system. Access to cancer care is severely restricted by repeated attacks on health
facilities, acute staffing shortages (reaching 40% in some areas), and the partial collapse of health services(16, 17).

In this environment of limited technical platforms and virtually no specialized oncology resources, cancer management falls largely to general
practitioners, internists, gynecologists, and surgeons who lack formal oncology training. Many patients therefore receive suboptimal care or are referred
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abroad at prohibitive cost, widening existing socioeconomic disparities. Late detection driven by low awareness of warning signs, cultural beliefs,
preference for traditional medicine, and geographic and financial barriers further contributes to high mortality(17, 18).

Against this backdrop, medical interns (final-year medical students undertaking clinical training) from the medical schools of the Greater Kivu region
occupy a strategically important position. These institutions the Official University of Bukavu, the Catholic University of Bukavu, the Evangelical University
in Africa, the University of Goma, the University of Kindu, and the University of Graben graduate more than 300 physicians each year. These young doctors
will form the frontline of healthcare delivery across the region and beyond. Although cancer incidence is rising in the DRC, and particularly in the Kivu sub-
region, oncology remains a relatively unattractive specialty for trainees, partly because formal specialist training pathways are not available locally.
Strengthening interns’ knowledge of risk factors, clinical warning signs, prevention strategies, and basic management principles therefore offers a
realistic opportunity to improve early recognition and reduce avoidable mortality.

Despite the clear importance of this workforce, few studies have examined the knowledge, perceptions, and experiences of medical trainees regarding
cancer in conflict-affected areas of Central Africa. The present multi-institutional cross-sectional study aims to address this gap by assessing the level of
cancer-related knowledge, perceptions, and experiences among final-year medical interns in the Kivu sub-region of the Democratic Republic of the
Congo.

Aim of the study

This study aimed to assess the knowledge, perceptions, and experiences regarding cancer among final-year medical interns in the Kivu sub-region of the
Democratic Republic of the Congo, in order to identify gaps relevant to undergraduate medical education and curriculum development.

METHODS
Study Design

This exploratory cross-sectional study evaluated the knowledge, perceptions, and experiences related to cancer among final-year medical students in the
eastern Democratic Republic of the Congo. The survey was conducted in French from 1 March 2026 to 31 May 2026 across hospitals in the Kivu region.
Participants could complete the questionnaire online or in person. The online version was administered via a Kobo Toolbox form and distributed through
professional networks and communication channels, including email, WhatsApp, and Telegram. The face-to-face version used printed copies of the same
questionnaire and was administered by trained data collectors.

Study Setting

The Kivu region, located in the eastern Democratic Republic of the Congo (DRC), comprises three provinces: North Kivu, South Kivu, and Maniema. The
region hosts several public and private universities offering undergraduate medical programmes leading to the Doctor of Medicine (MD) degree. Final-
year medical interns, who constitute the region’s future medical workforce, undertake a mandatory clinical internship (commonly referred to as internat or
stage clinique) prior to graduation.

These medical interns are posted to various teaching and referral hospitals across the Kivu provinces for their clinical rotations and practical training.
The present study recruited final-year medical interns from major public and private medical education institutions in the region. Participation was open
to both Congolese students and students from neighboring countries enrolled in these programmes.

Study Population

The target population consisted of final-year medical students who were undertaking their clinical internship during the study period.

Inclusion Criteria
Participants were eligible if they:

e were enrolled in the final year of a medical degree program;
e were actively undertaking their clinical internship during the study period; and

¢ provided informed consent to participate in the study.

Exclusion Criteria

Students who were not in their final year of medical training, those who had not yet commenced their internship, or those who declined participation were
excluded.
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Sampling Strategy

An institution-based recruitment approach was used across the participating medical training institutions. All eligible final-year medical interns identified
through the participating institutions and meeting the predefined inclusion criteria were invited to participate during the study period. Recruitment was
conducted through the participating institutions and their affiliated teaching hospitals, and the online survey link was made available to eligible interns.

The participating institutions and affiliated teaching hospitals were: University Clinics of Bukavu/Official University of Bukavu (150 interns); Bukavu
Provincial General Referral Hospital/Catholic University of Bukavu (152 interns); Panzi General Referral Hospital/Evangelical University in Africa (146
interns); Goma Provincial General Referral Hospital and HEAL Africa Hospital/University of Goma (327 interns); Butembo General Referral
Hospital/Catholic University of Graben (93 interns); Keshero General Referral Hospital/University of the Free Great Lakes (74 interns); and Kindu General
Referral Hospital/University of Kindu (170 interns).

Based on the available institutional records, the total population across the seven participating universities was approximately 1,112 final-year medical
interns. Before the final survey, the questionnaire was pilot-tested among 28 final-year medical interns who were excluded from the final study. Following
the pilot phase, 266 eligible interns accessed the final survey; 6 did not provide informed consent, resulting in 260 participants included in the final
analysis. Because the number of interns actually reached or invited at each institution could not be independently verified, a formal response rate was not
calculated.

Survey Development

The questionnaire was developed specifically for this study based on a review of the relevant literature(19) and subsequently reviewed by experts to
assess the relevance, clarity, and comprehensiveness of the items. Cognitive testing was then conducted to assess how the target population
understood and interpreted the questions. The revised questionnaire was pilot-tested among 28 final-year medical students who were excluded from the
final study. The pilot study assessed the feasibility, clarity, comprehensibility, and overall performance of the questionnaire and helped identify ambiguous
or incomplete response options. Based on the pilot feedback, the questionnaire was refined by expanding selected response options, adding “Other
(specify)” fields where appropriate, refining several response categories, replacing the rotation-based measure of internship stage with the cumulative
duration of internship, and adding questions addressing the perceived adequacy of cancer prevention, diagnosis, and management in the DRC. The
refined questionnaire was then used for the final survey. These procedures provided preliminary evidence of content relevance and usability; however, the
instrument has not undergone formal psychometric validation. An English-language version of the questionnaire is provided as Supplementary File 1.

Data Collection Tool
The self-administered questionnaire comprised five main sections:

1. Sociodemographic characteristics: age, sex, province of origin, marital status, university attended, and duration of clinical internship (in months).

2. Awareness and knowledge of cancer: definition of cancer, common cancer types, risk factors, prevention strategies, screening methods, therapeutic
modalities, and palliative care.

3. Perceptions toward cancer: curability of cancer, public-health importance of cancer, adequacy of cancer prevention and management services in the
DRC, priority given to cancer control, and the influence of myths and cultural traditions on cancer management.

4. Cancer-related experiences: personal history of cancer, family history of cancer, exposure to individuals diagnosed with cancer, and observed
treatment experiences and outcomes.

5. Open-ended questions: qualitative insights on cancer prevention, management, and context-specific challenges.

The knowledge domains assessed in the questionnaire were deliberately aligned with core undergraduate medical competencies expected of a
graduating physician. Items on the definition of cancer, cancer types, risk factors, and general cancer knowledge map to foundational biomedical and
clinical knowledge. Prevention and screening domains address competencies in health promotion, early detection, and population health. Treatment
modalities and cancer burden/barriers items evaluate understanding of basic management principles and health-system constraints. The palliative-care
domain specifically targets competencies in symptom control, patient-centered communication, and end-of-life care areas of particular relevance in
settings where most patients present at advanced stages. Finally, awareness and information-sources items assess the ability to access and critically
appraise reliable clinical information, a key component of lifelong learning and evidence-based practice.

Data Management and Variable Coding

A comprehensive data dictionary (codebook) was developed prior to analysis. Each variable was assigned:

¢ A unique variable name;
¢ A descriptive label;
e Variable type;

¢ Categories and coding scheme;
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 Correct responses (for knowledge items);
 Positive responses (for perception items); and

¢ Inclusion criteria for score computation.

All responses were reviewed and cleaned before analysis. The final dataset contained no missing values after exclusion of questionnaires lacking
informed consent.

Construction of the Knowledge Score

Each knowledge item was scored as 1 for a correct response and 0 for an incorrect or “Don’t know” response, yielding a total knowledge score ranging
from 0 to 74. The score was analyzed primarily as a continuous measure. For descriptive purposes, knowledge scores were also categorized into four
levels: poor (< 50%), insufficient (50-64.9%), moderate (65—-84.9%), and good (= 85%). These thresholds were adapted from a published methodological
framework for KAP surveys, which recommends more stringent thresholds for health professionals than for the general population, reflecting the higher
level of knowledge expected in medically trained populations (20). The categories were used to describe performance on the study questionnaire and
should not be interpreted as formal measures of clinical competency.

Construction of the Perception Score

Participants’ perceptions of cancer were assessed using five prespecified items addressing cancer curability, its importance as a public health problem,
the adequacy of cancer prevention, diagnosis and management in the DRC, prioritization of cancer control, and the perceived influence of myths and
cultural traditions on cancer management. Each item was coded according to a predefined favorable response established during questionnaire
development. A favorable response was assigned 1 point, whereas all other responses were assigned 0 points. The five items were combined to provide
a composite index of favorable responses across these prespecified dimensions, ranging from 0 to 5. Higher scores indicated a greater proportion of
favorable responses. This index was not considered a validated psychometric scale. For descriptive analyses, scores were categorized according to the
proportion of favorable responses: <50% was classified as unfavorable and > 50% as favorable. This categorization was used solely for descriptive
purposes. The perception score was retained as a continuous variable for correlation analyses and multivariable regression modeling.

Statistical Analysis

All collected data underwent thorough review and quality checks before being entered into the R software (R Foundation for Statistical Computing,
Vienna, Austria) for analysis. Numerical variables were presented as the mean and standard deviation (SD), while categorical variables were presented
using frequencies (N) and percentage (%). A Student’s t-test was used to compare means between two groups defined by a binary categorical variable.
Associations between participant characteristics and knowledge score were initially explored using:

» Analysis of variance (ANOVA) for categorical variables with more than two categories;

e Spearman rank correlation coefficient for continuous variables and score variables.

The corresponding test statistics and p-values were reported.

Assessment of Model Assumptions

The knowledge score was defined as the number of correct responses across 74 knowledge items and was therefore treated as a discrete, bounded
outcome ranging from 0 to 74. A simple linear regression was initially used to explore the unadjusted association between perception and knowledge
scores. Because the residuals deviated significantly from normality (Shapiro-Wilk test, p = 0.0005), count-based generalized linear models were
subsequently considered. A multivariable Poisson regression was initially fitted; however, significant overdispersion was detected (dispersion ratio = 1.59,
Pearson x2 = 394.80, p < 0.001). A negative binomial model was therefore fitted as an alternative count model and showed no evidence of residual
overdispersion (dispersion ratio = 0.96, p = 0.656). Given that the knowledge score represented the number of correct responses out of a fixed total of 74
items, a beta-binomial mixed-effects model was subsequently specified to account for the bounded binomial structure and potential extra-binomial
variability. Because participants were recruited across seven universities, university was included as a random intercept rather than as a fixed effect. The
beta-binomial mixed-effects model was retained as the primary multivariable model based on its compatibility with the bounded outcome, successful
convergence, absence of singularity, satisfactory simulated-residual diagnostics, and lower AIC compared with the alternative models. A negative
binomial mixed-effects model was retained as a sensitivity analysis to assess the robustness of the main associations.

Ethical Considerations

The study was approved by the Ethics Committee of the Official University of Bukavu (Approval No. UOB/CEM/059/2026). All procedures were performed
in accordance with the ethical standards of the institutional research committee and with the 1964 Declaration of Helsinki and its later amendments or
comparable ethical standards(21). Informed consent was obtained via an informed consent form (ICF) attached to the online questionnaire. Access to
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the questionnaire was possible only after completion of the ICF, which described the potential benefits, risks, and rationale of the survey. The ICF
explicitly stated that participation was voluntary and that withdrawal was permitted at any stage.

RESULTS

After excluding the 28 participants who took part in the pilot survey, 266 final-year medical interns accessed the final survey. Six participants did not
provide informed consent, resulting in 260 participants included in the final analysis.

Table 1
Sociodemographic Characteristics of Medical
Interns
Characteristic n =260
Age (Years) mean * SD 2612
Sex
Female 95 (37%)
Male 165 (63%)
Province
Other province 16 (6.2%)
Outside the country 10 (3.8%)
Maniema 48 (18%)
North kivu 82 (32%)
South kivu 104 (40%)
Marital status
Single 236 (91%)
Married 24 (9.2%)
Internship duration 9+5

University

Catholic University of Bukavu 8.8%)

Catholic University of Graben 22%)

University of Kindu 19%)

University of Goma 13%)

University of the Free Great Lakes

23 (

56 (

50 (
Evangelical University in Africa 49 (19%)

35

12 (4.6%)

35

Official University of Bukavu. 13%)

TMean £ SD; n (%)

The study included 260 final-year medical interns with a mean age of 26 + 2 years. Participants were predominantly male (63%), with females accounting
for 37%. Most originated from South Kivu (40%) and North Kivu (32%), while 18% came from Maniema, 6.2% from other provinces, and 3.8% from outside
the country. The vast majority (91%) were single, and 9.2% were married. On average, participants had completed 9 + 5 months of their internship.

Interns were recruited from seven medical schools across the Kivu region. The largest proportions came from the Catholic University of Graben (22%),
University of Kindu (19%), and The Evangelical University in Africa (19%), followed by the University of Goma (13%), The Official Offial University of Bukavu
(13%), the Catholic University of Bukavu (8.8%), and University of the Free Great Lakes (4.6%) (Table 1)
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Table 2

Cancer Knowledge Among Medical Interns: Performance by Knowledge Domain

Knowledge Domain Number of Items = 74
Cancer Awareness and Information Sources 7

Cancer Burden and Barriers 9

Cancer Types 13

Definition of Cancer 5

General Cancer Knowledge 7

Palliative-care item 1

Prevention and Screening 11

Risk Factors 12

Treatment Modalities 9

Mean Correct (%)
43.2
64.3
65.8
78.1
73.7
21.9
61.8
57.9
64.8

Performance varied substantially across knowledge domains. The highest level of knowledge was observed for the Definition of Cancer domain, with a
mean correct response rate of 78.1%, followed by General Cancer Knowledge (73.7%). Moderate performance was also observed for Cancer Types
(65.8%), Treatment Modalities (64.8%), and Cancer Burden and Barriers (64.3%). Lower performance was observed for Prevention and Screening (61.8%)
and Risk Factors (57.9%). The weakest performance was observed in the Cancer Awareness and Information Sources domain (43.2%). Only 21.9% of

participants correctly answered the single palliative-care knowledge item. (Table 2)

Table 3
Perceptions Toward Cancer

Believe that cancer can be cured 212

Do you think that cancer prevention, diagnosis and treatment are adequate in the DRC? 138

Level of priority given to the fight against cancer in the DRC 63
Do you think cancer is a major public health problem in the Kivu sub-region? 216
The influence of myths and traditions on cancer management 234

Perception Item Positive Responses (n)

Positive Responses (%)
81.5
53.1
24.2
83.1
90.0

Participants generally expressed favorable perceptions toward cancer and cancer control. Most believed that cancer can be cured (81.5%) and
considered it a major public health problem in the Kivu sub-region (83.1%). Most also recognized the influence of myths and traditions on cancer
management (90.0%). However, 53.1% perceived cancer prevention, diagnosis, and treatment services in the DRC as inadequate, while only 24.2%

assigned the highest priority to cancer control efforts. (Table 3)
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Table 4
Cancer-Related Experiences

Characteristic n (%)

Personal history of cancer (n = 260)

No 245 (94.2)
Yes 15 (5.8)
Family history of cancer (n = 260)

No 220 (84.6)
Yes 40 (15.4)

Relationship with affected relative (n = 40)

Parent 9 (22.5)
Uncle/Aunt 13 (32.5)
Grand-parent 8(20.0)
Sibling 2 (5.0)
Cousin 3(7.5)
Great-grand-parent 2 (5.0)
Other 3(7.5)
Observed treatment modality (n = 10)

Conventional medical treatment 8(80.0)
Combined conventional and traditional treatment 1(10.0)
No treatment 1(10.0)
Observed outcome (n=10)

Recovery 6 (60.0)
Death 4 (40.0)

Values are presented as n (%). Denominators vary according to the applicability of each question because subsequent questions were conditionally
displayed based on previous responses.

Among the 260 participants, 15 (5.8%) reported a personal history of cancer, while 40 (15.4%) reported a family history of cancer. Among participants
with a family history of cancer, the affected relative was most commonly an uncle or aunt (32.5%), followed by a parent (22.5%) and a grandparent
(20.0%). Smaller proportions reported an affected cousin (7.5%), sibling (5.0%), great-grandparent (5.0%), or another relative (7.5%). Among the 10
participants who reported observing or experiencing cancer treatment, 80.0% reported conventional medical treatment, whereas 10.0% reported a
combination of conventional and traditional treatments and 10.0% reported no treatment. Regarding observed outcomes, 60.0% reported recovery, while
40.0% reported death (Table 4).

The histogram shows the distribution of knowledge scores as percentages of participants; the dashed vertical line indicates the mean score. The mean
knowledge score was 46.2 + 9.3 points (median, 48; IQR, 40-53), corresponding to approximately 62% of the maximum score (Fig. 1).

Table 5

Distribution of Knowledge and Perception Levels
Knowledge level n=260 Percent
Good knowledge 3 1.2
Moderate knowledge 120 46.2
Insufficient knowledge 92 354
Poor knowledge 45 17.3
Perception level
Favorable perception 214 82.3
Unfavorable perception 46 17.7
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Overall, participants demonstrated moderate levels of cancer knowledge, with nearly half (46.2%) classified as having moderate knowledge, while only
1.2% achieved a good knowledge level. More than half of the participants (52.7%) had poor or insufficient knowledge. In contrast, most participants had a
favorable perception index (82.3%), whereas 17.7% had an unfavorable perception index (Table 5).

Table 6

Exploratory Associations with Cancer Knowledge Score

Variable Category n Knowledge Score Mean (SD)  Test Statistic  P_value
Sex Female 95 45.78 (8.75) Student t-test  -0.605 0.546
Male 165 46.48 (9.56) Student t-test
Marital status Married 24 44.75 (10.7) Student t-test  0.719 0.478
Single 236  46.38(9.12) Student t-test
Personal cancer history ~ No 245  46.33(9.06) Student t-test  0.53 0.604
Yes 15 44.6 (12.42) Student t-test
Family history of cancer  No 220  46.06 (9.07) Student t-test  -0.626 0.534
Yes 40 47.15(10.33) Student t-test
Province Other province 16 46.44 (9.95) ANOVA 5.831 0.000166
Outside the country 10 54.6 (3.27) ANOVA
Maniema 48 42.19 (10.71) ANOVA
North kivu 82 48.27 (8.42) ANOVA
South kivu 104 45.64(8.61) ANOVA
Age 260 - Spearman -0.012 0.846
Internship duration 260 - Spearman 0.018 0.773
Perception score 260 - Spearman 0.331 4.79e-08

No significant associations were observed between cancer knowledge score and sex, marital status, personal history of cancer, family history of cancer,
age, or internship duration (all p > 0.05). Knowledge scores differed significantly across provinces (ANOVA: F = 5.83, p < 0.001), with the highest mean
score observed among participants residing outside the country and the lowest among those from Maniema. A positive correlation was found between
perception score and knowledge score (Spearman's p = 0.331, p < 0.001), indicating that higher perception scores were associated with better cancer
knowledge (Table 6).
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Factors Associated with Cancer Knowledge Score in a Beta-Binomial Mixed-Effects Model

Group Predictors Adjusted OR (95% CI)' p-value
Age (years) 0.97 (0.94 to 1.01) 0.106
Sex
Female
Male 1.14 (0.99 to 1.31) 0.075
Province of origin
Other province
Outside DRC 1.69 (1.13 to 2.55) 0.012
Maniema 0.82 (0.54t0 1.24) 0.348
North kivu 1.02 (0.73 to 1.43) 0.892
South kivu 0.88 (0.62 to 1.24) 0.467
Marital status
Célibataire (Single)
Marié(e) (Married) 1.01 (0.82 to 1.25) 0.898
Internship duration (months) 1.00 (0.98 t0 1.01) 0.788
Personal history of cancer
No
Yes 0.91 (0.70 to 1.18) 0.476
Family history of cancer
No
Yes 1.05(0.88 t0 1.26) 0.571
Perception score 1.19(1.12t0 1.26) <0.001
1Adjusted OR: adjusted odds ratio; Cl: confidence interval. Estimates are from a beta-binomial mixed-effects regression model with university as a
random intercept.

The beta-binomial mixed-effects model, which accounted for the bounded 0-74 structure of the knowledge score and clustering by university, showed
satisfactory convergence and residual diagnostics and had the lowest AIC among the evaluated models (AIC = 1850.6). The university random effect was
estimable without singularity in this model. The association between perception score and knowledge remained consistent in sensitivity analysis using a
negative binomial mixed-effects model.

Higher perception scores were associated with 19% higher odds of correct responses on the knowledge items, after accounting for potential clustering
within the seven participating universities. Originating from outside the DRC was associated with 69% higher odds of correct responses than the
reference province; however, this association was exploratory (n = 10). No statistically significant associations were observed for age, sex, internship
duration, marital status, or personal or family history of cancer (Table 7).

Discussion

Cancer is emerging as a critical public health challenge in low- and middle-income countries (LMICs), including the Democratic Republic of the Congo
(DRC)(7). In the conflict-affected Kivu sub-region, this burden is intensified by late-stage presentation, insufficient specialized infrastructure, and the near-
absence of a functional national cancer control program or population-based registry(22).

Final-year medical interns constitute the future frontline workforce responsible for early recognition, basic management, referral, and palliative support.
Their knowledge, perceptions, and readiness therefore directly shape the quality of cancer care that patient will receive. Despite this strategic importance,
evidence on oncology-related competencies among medical trainees in conflict-affected Central Africa remains scarce. The present study provides the
first multi-institutional assessment of cancer knowledge, perceptions, and experiences among final-year medical interns in North Kivu, South Kivu, and
Maniema

Our study reveals that among the 260 participants, the mean knowledge score was 46.2 + 9.3 out of 74 items (approximately 62%). Only 1.2% reached a
good knowledge level (= 85% correct), while more than half (52.7%) were classified as having insufficient or poor knowledge. Domain performance varied
markedly: definition of cancer (78.1%) and general cancer knowledge (73.7%) were strongest, whereas risk factors (57.9%), prevention and screening
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(61.8%), cancer awareness and information sources (43.2%), with particularly low performance on the single palliative-care item (21.9%). Perceptions
were predominantly favorable (82.3% positive overall). Most interns recognized cancer as a major public-health problem in the Kivu sub-region (83.1%),
believed it to be curable (81.5%), and acknowledged the influence of myths and traditions on management (90.0%). However, only 24.2% assigned the
highest priority to cancer control efforts in the DRC, and just over half considered existing prevention, diagnosis, and treatment services adequate. In
multivariable analysis, higher perception scores were associated with odds of correct responses on the knowledge items (adjusted OR [aOR], 1.19; 95%
Cl, 1.12-1.26; P < .001), after accounting for potential clustering within the seven participating universities. Participants originating from outside the DRC
were associated with higher odds of correct responses than those from the reference province (aOR, 1.69; 95% Cl, 1.13-2.55; P = 0.012), although this
finding was considered exploratory because only 10 participants were in this category.

Although overall knowledge was moderate, the pattern of domain-specific deficits is consistent with findings from other African medical-training settings.
Studies of final-year students in Guinea reported poor overall knowledge of breast cancer in 82.7% of participants(23). Surveys in Kenya, Nigeria, and
Algeria have similarly documented limited awareness of epidemiology, risk factors, screening modalities, and treatment options, alongside strong
support for strengthened undergraduate oncology education(23-25). The particularly low palliative-care knowledge observed in the present study
(21.9%) mirrors reports from other resource-constrained environments, where formal teaching on symptom control, prognosis communication, and end-
of-life care remains scarce or absent from curricula (8, 26, 27). This gap is especially consequential in the DRC, where the majority of patients present at
advanced stages and curative options are limited. Knowledge remained heavily weighted toward basic definitions and high-risk factors, while preventive
lifestyle counselling and early-detection strategies were weaker an imbalance previously noted among physicians in other LMIC settings.

Perceptions and attitudes

The predominantly favorable perceptions observed here are encouraging and align with the knowledge-attitude-practice framework. Interns who viewed
cancer as a solvable public-health priority and recognized the distorting effects of myths were significantly more likely to retain factual knowledge. This
interdependence between knowledge and attitude has been reported in other oncology KAP studies(28, 29) and suggests that interventions improving
knowledge may have downstream benefits on attitudinal orientation, creating a reinforcing loop conducive to more effective clinical behavior. The high
recognition of cultural myths and traditions (90%) underscores the need for training that equips future physicians to address community beliefs
respectfully while promoting evidence-based early detection and treatment adherence.

Contextual challenges of the Kivu sub-region

These findings must be interpreted against the unique realities of eastern DRC. Decades of recurrent conflict have produced massive population
displacement, destruction of health infrastructure, severe workforce shortages (up to 40% in some areas), and the near-absence of specialized oncology
services(16, 17). In such environments, general practitioners and interns constitute the de facto frontline of cancer care. Late diagnosis driven by low
community awareness, preference for traditional medicine, geographic and financial barriers, and the lack of a functional national cancer registry or
control plan further amplifies the consequences of trainee knowledge deficits(15, 18, 30). Geographic variation (higher scores among the small group of
participants from outside the country and lower scores in Maniema) may reflect differences in curriculum intensity, clinical exposure, or access to
external educational resources. The absence of associations with age, sex, internship duration, or personal/family cancer history indicates that current
clinical rotations and incidental exposure are insufficient to close knowledge gaps; structured, longitudinal oncology teaching appears necessary.

Implications for medical education and health-system strengthening

The findings of this study highlight areas for strengthening oncology-related education within undergraduate medical curricula in the Kivu sub-region and
similar resource-constrained, conflict-affected settings. The lack of a significant association between internship duration and cancer knowledge does not
establish that current clinical rotations or incidental exposure are ineffective. However, the observed knowledge gaps, particularly in palliative care,
suggest the potential value of more structured and longitudinal oncology teaching covering epidemiology, risk-factor counselling, warning signs, available
screening methods, treatment principles, and core palliative-care concepts. Further educational research is warranted to evaluate how such approaches
could be integrated into medical training and whether they improve cancer-related knowledge and clinical preparedness. These findings align with recent
scoping reviews showing that undergraduate oncology education remains fragmented and insufficient in many settings worldwide(31)

Recent international evidence supports this approach. Scoping reviews of undergraduate oncology education highlight persistent gaps and call for
systematic integration of cancer content across pre-clinical and clinical years(32). National frameworks, such as the Australian Cancer Education
Framework, demonstrate that a concise set of core competencies can be embedded within existing curricula without requiring specialized
infrastructure(33). Parallel recommendations from African contexts, including Rwanda, Kenya, Tanzania and South Africa, emphasize both the
acceptability of dedicated cancer modules among students and the particular importance of palliative-care training for generalist physicians who will
manage the majority of advanced-stage cases(24, 32, 34).

Practical, context-adapted strategies feasible in eastern DRC include short case-based discussions and simulated communication exercises within
existing teaching hospitals, focused clinical attachments to oncology or palliative-care services where available, and the use of open-access digital
resources supplemented by regional mentorship networks. At the policy level, these educational reforms should be aligned with the development of a
national cancer control plan that prioritizes human-resource capacity building (35-39). Strengthening the oncology readiness of the several hundred
physicians graduating annually from Kivu medical schools represents one of the most feasible and high-impact investments available to reduce
avoidable cancer mortality in the region.
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Strengths and limitations

Strengths of the study include its multi-institutional design covering major medical education institutions in North Kivu, South Kivu, and Maniema,
systematic questionnaire development and pilot testing, and predefined scoring procedures for knowledge and perceptions. Domain-specific analyses
also allowed identification of areas requiring further educational attention.

Limitations include the absence of a predefined sampling frame and complete denominator of eligible interns, which prevented estimation of the
proportion of the target population reached and does not exclude selection bias. The cross-sectional design precludes causal inference regarding the
association between perceptions and knowledge. Self-reported experiences and perceptions may be subject to recall and social-desirability bias.
Although the questionnaire underwent expert review, cognitive testing, and pilot testing, it has not undergone formal psychometric validation. Finally, the
evolving security context may limit generalizability to other periods or regions of the DRC.

Conclusion

Final-year medical interns in the Kivu sub-region demonstrated moderate overall cancer knowledge, with important gaps in prevention, risk factors,
information sources, and palliative care, despite predominantly favorable perceptions of cancer. Perception scores were positively associated with
knowledge scores. Strengthening cancer education within medical curricula, particularly in these identified domains, may help improve preparedness for
cancer prevention, early detection, referral, and patient-centred care.
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Figure 1

Distribution of cancer knowledge scores among final-year medical interns.

The histogram shows the distribution of knowledge scores as percentages of participants; the dashed vertical line indicates the mean score. The mean
knowledge score was 46.2 + 9.3 points (median, 48; IQR, 40-53), corresponding to approximately 62% of the maximum score (Figure 1).
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