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Non-Hodgkin lymphoma incidence, mortality, 2
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Abstract

Background Non-Hodgkin lymphoma (NHL) has been identified as a significant contributor to the cancer burden.
This study investigates the incidence, mortality, and survival trends of NHL cancer in Brunei Darussalam from 2011 to
2020.

Methods This is a registry-based retrospective study using de-identified data from the Brunei Darussalam Cancer
Registry on patients diagnosed with NHL from 2011 to 2020 based on the ICD-10 codes C82-86. Statistical methods
include descriptive statistics, age-specific and age-standardised incidence (ASIR) and mortality rates (ASMR), and
joinpoint regression for trend analysis. Survival analysis was conducted using Kaplan-Meier plots, log-rank test, and
Cox Proportional Hazards regression.

Results From 2011 to 2020, 330 patients were diagnosed with NHL. The majority of patients were males (51.8%) and
of Malay descent (82.7%). The age group most diagnosed was 55-74 years (42.3%), with a mean age at diagnosis
being 55.1 years. The ASIRs were 12.12 for males and 10.39 per 100,000 for females; ASMRs were 6.11 for males and
4.76 per 100,000 for females. Diffuse large B-cell lymphoma was the most prevalent subtype, accounting for 39.1%
of cases. The overall 5-year survival rate was 61.2%, with lower rates observed in older patients and those diagnosed
at distant metastasis stage. Furthermore, older age and advanced stage diagnosis significantly increased mortality
risk. NHL incidence and mortality rates in Brunei Darussalam remain stable over the period of 10 years, but highlights
significant disparities in gender and age.

Conclusions The findings emphasize the importance of early detection and tailored treatments, especially for
high-risk groups, in managing NHL's burden. These insights underline the need for focused healthcare strategies and
continued research to address NHLs challenges.
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Introduction

Cancer is the second leading cause of death globally,
accounting for an estimated 9.7 million deaths in 2022
[1]. Among the various types of cancers, non-Hodgkin
lymphoma (NHL) is a significant contributor to this
burden, ranking between fifth and ninth in prevalence
worldwide in 2020 [2]. NHL exhibits substantial varia-
tions in incidence, mortality, and survival rates across
different regions. In 2022, approximately 553,010 newly
diagnosed NHL cases and 250,475 NHL-related deaths
were reported globally [1]. The highest incidence is
seen across Europe, Northern America, and Australia/
New Zealand. A rising trend in NHL incidence has been
observed over the past decade, particularly in developed
countries, older males, and younger population [3].

Brunei Darussalam, a country in Southeast Asia, with
a population of approximately 445,400 people in 2022,
has also seen an increase in NHL over the past few
decades. The population consists of 52.8% males and
47.2% females, with Malay ethnicity (73.4%) making up
the majority, followed by Chinese (9.5%), and other eth-
nicities (17.0%) [4]. Healthcare services at the primary
healthcare clinics and tertiary specialist hospitals are
available and provided free to citizens and permanent
residents of the country [5]. Between 2011 and 2020,
NHL ranked fifth in incidence among males and eighth
among females in Brunei Darussalam [6].

Despite extensive studies on NHL, data from smaller
nations, like Brunei Darussalam remain sparse, highlight-
ing a critical gap in the global understanding of NHL
[1, 7]. Therefore, understanding these epidemiological
trends regionally is crucial for effective cancer control
and management strategies. A recent study examined
cancer incidence and mortality rates in Brunei Darus-
salam; however, it focused solely on incidence and mor-
tality rates [6]. There have been no studies reporting on
the survival trends of NHL in the region. Consequently,
the epidemiology of NHL in Brunei Darussalam has not
been comprehensively studied, underscoring a significant
knowledge gap.

To address this gap, this study aims to provide the first
comprehensive analysis of NHL in Brunei Darussalam,
including not only incidence and mortality rates, but
also survival trends from 2011 to 2020. This study will
provide insights into the demographic and clinical char-
acteristics of NHL patients, their association with sur-
vival outcomes, and identify areas for future research and
intervention.

Materials and methods

This is a retrospective study based on population-based
cancer registry. De-identified data were provided from
the Brunei Darussalam Cancer Registry (BDCR) of
patients diagnosed with non-Hodgkin lymphoma (NHL)
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from 1 January 2011 to 31 December 2020, based on the
ICD-10 codes C82-C86. BDCR was established in 2001
to compile a comprehensive population-based cancer
database of all diagnosed malignant cancers diagnosed
in Brunei Darussalam. The collection of cancer data in
Brunei Darussalam is an active process involving central
pathology records, hospital department medical records,
and the death registry, although cancer reporting to the
BDCR is not mandated by law or regulations as a notifi-
able disease. However, medical and nursing professionals
in hospitals, health centres, and clinics, are encouraged
to report new cases to the BDCR using a standardised
notification form. The introduction of the Brunei Health-
care Information Management System (BruHIMS) in
2013, a national electronic patient record system, has
streamlined the process of data extraction and verifica-
tion for malignant cancer cases [8]. This implementation
has significantly improved the registry’s accuracy, timeli-
ness, and comprehensiveness of cancer data.

The demographic and clinical variables collected and
analysed include age at diagnosis, gender, ethnicity, dis-
trict, date and stage of diagnosis, histology, date of last
contact or death. Age at diagnosis was categorised into
four groups: 0-34, 35-54, 55-74, and over 75 years old.
The districts were divided into Brunei Muara, Tutong,
Belait, and Temburong. Ethnicity was categorised as
Malay, Chinese, or others. Cancer staging information
presented in the BDCR was based on the Surveillance,
Epidemiology, and the End result (SEER) summary stag-
ing which divides NHL spread from In-situ into local-
ised (SEER Stage 1), regional (SEER Stages 2-5), distant
metastasis (SEER Stages 6—7), and unknown (SEER Stage
9) [9].

The international classification of disease for oncol-
ogy (ICD-O-3) histology code was used to classify dif-
ferent histological subtypes [10]. Histological subtypes
were classified into 6 common groups, which are fol-
licular lymphoma (9690, 9691, 9695, 9698), diffuse large
B-cell lymphoma (DLBCL) (9680, 9688, 9735), Burkitt
lymphoma, NOS (9687), T-cell non-Hodgkin lymphoma
(9700, 9702, 9705, 9708, 9709, 9714, 9717, 9718, 9719,
9727, 9827, 9834, 9837), malignant lymphoma, NOS
(9590, 9591, 9671) and other B-cell lymphomas (9670,
9673, 9679, 9684, 9689, 9699, 9728, 9833, 9836, 9940).

Study population

This study included only citizens and permanent resi-
dents of Brunei Darussalam. The population data used
for analysis was obtained from the Department of Eco-
nomic Planning and Statistics, based on official census
information, which categorises the annual population
into 5-year age group intervals. It should be noted that,
our analysis excluded all patients diagnosed with In-situ
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carcinomas. All patients were followed up until the pre-
specified ending time of 31st December 2021.

Statistical analysis

Descriptive statistics, including counts, percentages,
mean, median, and standard deviation (SD) were used
to illustrate the baseline characteristics of the patients.
We performed calculation for incidence rates, mortal-
ity rates, age-specific rates, age-standardised rates using
Microsoft Excel, and the data were then imported into
R studio for further analyses and subsequent visualisa-
tion. Age-specific rates were calculated by dividing the
number of newly diagnosed cases or deaths by the total
population within a specific age group. Age-standardised
incidence rates (ASIR) and age-standardised mortality
rates (ASMR) were calculated as weighted averages of
age-specific rates, considering the proportions of indi-
vidual in specific age groups within a standard popula-
tion [11].

To identify and quantify trends in NHL incidence and
mortality, joinpoint regression analysis was employed to
determine the best-fitting points where statistically sig-
nificant changes occurred. We used the Joinpoint Regres-
sion Program, version 5.0.2, provided by the National
Cancer Institute, to identify points where significant
changes in the linear slope of the trend occured [12].
This approach fits the simplest model possible to the
data and tests whether more complex models are nec-
essary, i.e. whether a joinpoint, a point where the data
trend changes direction or magnitude, is required. The
model starts with the minimum number of joinpoints
and tests whether additional joinpoints are statistically
significant and should be added to the model. Joinpoint
guidelines recommend a maximum of one joinpoint for
studies with 7-11 data points, which was applied in our
analysis [13]. The selection of the best-fitting model was
based on the Bayesian Information Criterion (BIC). Inci-
dence and mortality rates were age-standardised using
the World Health Organization’s world standard popu-
lation to account for differences in age distribution over
time. The annual percent change (APC) for each segment
between joinpoints was identified to quantify the rate of
change over time. Additionally, the average annual per-
cent change (AAPC) was calculated to summarise the
overall trend for the entire study period with their cor-
responding 95% confidence intervals.

We examined the relationship between variables (gen-
der, age, ethnicity, and stage of diagnosis) with histologi-
cal subtypes among a sample of 330 individuals. Fishers’
exact test was used to determine if there is a statistically
significant association between variables (gender, age,
ethnicity, and stage of diagnosis) and the histological
subtypes.
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Overall survival was determined as the time from
diagnosis to death from any cause or death from NHL.
Patients who were lost to follow-up or were still alive after
31 December 2021, were right-censored in the analysis.
Kaplan-Meier plots were used to plot survival curves, and
the log-rank test was used to determine the difference in
survival between groups. The overall 5-year survival rate
was estimated using the Kaplan-Meier method. All sta-
tistical tests were two-sided, and we reported a 95% con-
fidence interval (CI). Univariate and Multivariable Cox
Proportional Hazards regression models were used to
estimate the hazard rate, along with its 95% confidence
interval. To control for potential confounding factors, we
adjusted these models for several covariates such as age,
ethnicity, district, gender, cancer stage, and histology.
We calculated the scaled Schoenfeld’s residuals for each
model. In addition, we visually examined plots of these
scaled Schoenfeld’s residuals. The results of these checks
did not indicate any violations of the proportional haz-
ards assumption. P-value of less than 0.05 was considered
statistically significant. Data analyses were carried out
in R studio using various packages, including “ggplot2’,
“dplyr’; “survival’; “survminer’; “KMsurv” and “cowplot’,
with R version 4.2.2.

Ethical approval

This study was conducted in accordance with ethical
principles and guidelines. Ethical approval was granted
by the Medical and Health Research Ethics Commit-
tee of the Ministry of Health, Brunei Darussalam [Ref:
MHREC/MOH/2022/1(1)]. This approval ensures that
the research was conducted in accordance with ethical
standards, including protection of participants rights,
privacy, and confidentiality. Furthermore, ethical consid-
eration was given throughout the study and the research-
ers ensured that the data collected was used only for the
purpose of this study. Informed consent to participate
was not required for this study as the data used were de-
identified and no direct contact with participants was
made. This waiver of consent was approved by the Medi-
cal and Health Research Ethics Committee in accordance
with national regulations.

Results

Demographic and clinical characteristics of NHL patients
In the period from 2010 to 2020, a total of 330 patients
were diagnosed with NHL. The years 2013 and 2020 saw
the most diagnoses with 40 cases each, while the year
2012 recorded the fewest number of cases with 23 cases,
as seen in Fig. 1. The mean age at diagnosis was 55.1
years (SD = 19.1), with a median of 58.5 years. A total of
142 patients died during this period. The highest number
of deaths was recorded in 2019 with 20 deaths, followed
by 2015 with 18 deaths. The year 2012 recorded the least
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Fig. 1 Number of new cases and deaths per year recorded from 2011 to 2020

number of deaths with 7 deaths, while 2011 recorded a
slightly higher count with 9 deaths.

The patients’ demographic characteristics are sum-
marised in Table 1. There were 159 female patients
(48.2%) and 171 male patients (51.8%). Most of the
patients were of Malay descent (82.7%), followed by
Chinese (13.0%), and the remaining 4.2% were classified
as others. The age groups with the highest number of
patients were 55 to 74 years old (42.3%), followed by 35 to
54 years old (27.6%), while the age groups with the few-
est number of patients were 75 years and older (14.4%),
followed by 0 to 34 years old (15.6%).Out of 330 cases,
126 cases had unknown stage (38.2%). Among the known
stage cases, the majority were in the distant stage (30.9%),
followed by regional (18.5%) and localised (12.4%) stages.
The Brunei-Muara district had the highest number of
cases (60.3%), followed by the Belait district (20.0%),
the Tutong district (14.8%), and the Temburong district
(3.0%). There were six cases (1.8%) where the district was
not known. The most prevalent histological subtype was
DLBCL (39.1%), ML, NOS was the next most common
(36.1%), followed by OTHER B-CELL (8.8%) and T-CELL

o
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NHL (7.9%) subtypes. The least common were FL and
BL, NOS which made up 3.9% and 4.2% of the total,
respectively.

There were more deaths in males (53.5%) than females
(46.5%). The highest number of deaths occurred in the
age group of 55 to 74 years, accounting for 50.7% (72
deaths) of the total, followed by those 75 and above
with 26.1% (37 deaths). Deaths among patients aged
35-54 were 16.2% (23 deaths) while the 0-34 age group
recorded the fewest deaths at 7.0% (10 deaths). Geo-
graphically, the Brunei-Muara district had the highest
mortality rate (56.3%), followed by the Belait district
(24.6%), and the Tutong district (12.7%). The Temburong
district reported the lowest number of deaths, accounting
for only 2.1% (3 deaths). Malays accounted for the highest
number of deaths (85.2%), followed by the Chinese (9.9%)
and other ethnicities (4.9%). Most patients were in the
distant-metastasis stage with 39.4% (56 deaths), followed
by the regional stage at 19.0% (27 deaths), and the local-
ised stage with 9.9% (14 deaths). For 31.7% (45 deaths),
the disease stage was unknown. The majority of deaths
were among patients with ML, NOS (50.7%), followed
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Table 1 Demographic and clinical characteristics of NHL
patients, 2011-2020
Characteristics

No.of Cases % No. of Deaths %

Age At Diagnosis

0-34 52 15.6 10 7.0
35-54 92 276 23 16.2
55-74 141 423 72 50.7
75 & above 48 144 37 26.1
District
Brunei-Muara 199 60.3 80 56.3
Tutong 49 14.8 18 12.7
Belait 66 20.0 35 246
Temburong 10 30 3 2.1
Not known 6 1.8 6 4.2
Ethnicity
Malay 273 82.7 121 85.2
Chinese 43 13.0 14 9.9
Others 14 4.2 7 49
Gender
Male 171 51.8 76 535
Female 159 482 66 46.5
Stage
Localised 41 124 14 9.9
Regional 61 18.5 27 19.0
Distant-Metastasis 102 309 56 394
Unknown 126 382 45 317
Histology
FL 13 39 2 14
DLBCL 129 39.1 48 338
BL, NOS 14 4.2 5 35
OTHER B-CELL 29 838 7 49
T-CELL NHL 26 79 8 56
ML, NOS 119 36.1 72 50.7

by those with DLBCL (33.8%), T-CELL NHL (5.6%),
and OTHER B-CELL (4.9%). The least common were FL
and BL, NOS accounting for 1.4% and 3.5% of the total
deaths, respectively.

Histological classification

Table 2 presents the histopathological distribution of
NHL by gender, age, ethnicity, and cancer stage. The
majority of patients with each histological subtype were
male, except for DLBCL. FL had the highest male per-
centage (84.6%), while DLBCL had the highest female
percentage at (54.3%). For age at diagnosis, most FL
(38.5%) and BL, NOS (35.7%) patients were in the age
group of 35 to 54, whereas the majority of DLBCL
(53.5%), Other B-Cell (41.4%), and ML, NOS (41.2%)
patients were in the age group of 55 to 74. The high-
est proportion of T-cell NHL cases (42.3%) were in the
youngest age group of 0 to 34 years. The least common
age group for FL (7.7%), DLBCL (10.9%) and T-Cell NHL
(11.5%) was 75 and above. In terms of ethnicity, the vast
majority of patients across all histological subtypes were
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of Malay descent, with percentages ranging from 61.5%
in FL to 88.5% in T-Cell NHL. Chinese ethnicity was
second most common, with percentages ranging from
7.7% in T-Cell NHL to 30.8% in FL. Other ethnicities had
the least representation across all histological subtypes.
When analysing cancer stage at diagnosis, the majority of
FL (38.5%) and ML, NOS (40.3%) patients were at the dis-
tant-metastasis stage. A significant proportion of DLBCL
(47.3%), BL, NOS (71.4%), Other B-Cell (44.8%), and
T-Cell NHL (50.0%) patients had an unknown stage. The
localised stage was the least common across all histologi-
cal subtypes, with the exception of T-Cell NHL (19.2%).
The Fisher’s exact test revealed significant associations
between histological subtype and both age (p < 0.001)
and cancer stage (p < 0.001), suggesting that these vari-
ables are not independent of the histological subtype.

Incidence and mortality trends

Figure 2a, b illustrate the trends of age-specific incidence
and mortality rates among NHL-diagnosed patients
across different age groups. For the age groups 0-34,
35-54, and 55-74, there were no notable trends in age-
specific incidence and mortality rates from 2011 to 2020.
However, the age group of 75 years and older exhibited
varying trends, with the highest incidence rate occurring
in 2011, followed by 2018, and the highest mortality rate
occurring in 2019.

Figure 3a, b show that both ASIR and ASMR increased
across age groups, with the highest rate observed in
males aged 75 years and older, compared to females. The
rates were equivalent in the remaining age groups.

The annual ASIR was 11.22 per 100,000, and the ASMR
was 5.4 per 100,000 from 2011 to 2020. Meanwhile, the
ASIRs for males and females were 12.12 and 10.39 per
100,000, respectively, while the ASMRs for males and
females were 6.11 and 4.76 per 100,000, respectively.
Over the years, ASIR and ASMR did not exhibit any
increasing or decreasing trends, as the rates varied from
year to year, as shown in Fig. 4a and b. However, ASIR
appeared the highest in 2013 for both males and females,
while the lowest were observed in 2016 and 2014 for
males and females, respectively. Similarly, ASMR was
highest in 2013 for males and 2018 for female patients.
The lowest ASMR was observed in 2012 for female
patients and 2018 for males.

Joinpoint regression analysis was conducted to identify
changes in trends over time on annual cancer incidence
and mortality over a 10-year period. No significant shifts
were detected in the trends of cancer incidence rate and
mortality rate during the 10-year period. A zero joinpoint
was observed for the incidence trend in both males and
females, suggesting a consistent linear trend through-
out the study. Similarly, Joinpoint regression indicated a
steady linear trend in mortality from 2011 to 2020. The
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Table 2 Distribution of histological subtypes by gender, age, ethnicity, and cancer stage

Histology p-value
FL (%) DLBCL (%) BL, NOS (%) OTHER B-CELL (%) T-CELL NHL (%) ML, NOS (%)
Gender 0.082
Male 11(84.6) 59(45.7) 9(64.3) 18(62.1) 14(53.8) 60(50.4)
Female 2(15.4) 70(54.3) 5(35.7) 11(37.9) 12(46.2) 59(49.6)
Age <0.001*
0-34 3(23.1) 15(11.6) 6(42.9) 3(10.3) 11(42.3) 13(10.9)
35-54 5(38.5) 31(24.0) 5(35.7) 9(31.0) 8(30.8) 34(28.6)
55-74 4(30.8) 69(53.5) 1(7.1) 12(41.4) 4(15.4) 49(41.2)
75 & above 1(7.7) 14(10.9) 2(14.3) 5(17.2) 3(11.5) 23(19.3)
Ethnicity 0.798
Malay 8(61.5) 106(82.2) 12(85.7) 24(82.8) 23(88.5) 100(84.0)
Chinese 4(30.8) 17(13.2) 2(14.3) 4(13.8) 2(7.7) 14(11.8)
Others 1(7.7) 6(4.7) 0(0.0) 134) 13.8) 5(4.2)
Stage <0.002*
Localised 2(15.4) 15(11.6) 0(0.0) 3(10.3) 5(19.2) 16(13.4)
Regional 2(154) 23(17.8) 0(0.0) 4(13.8) 2(7.7) 30(25.2)
Distant-Metastasis 5(38.5) 30(23.3) 4(28.6) 9(31.0) 6(23.1) 48(40.3)
Unknown 4(30.8) 61(47.3) 10(71.4) 13(44.8) 13(50.0) 25(21.0)

FL: Follicular lymphoma, DLBCL: Diffuse large B-cell lymphoma, BL, NOS: Burkitt lymphoma NOS, T-Cell NHL: Non-Hodgkin lymphoma T-cell lymphoma, ML, NOS:
Malignant lymphoma, NOS, *Statistically significant (p<0.05)
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Fig. 2 NHL age-specific a incidence rate and b mortality rate from 2011 to 2020 by age group
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Fig. 3 a Age-standardised incidence rates (ASIR) and b age-standardised mortality rates (ASMR) of NHL-diagnosed patients by age group and gender

from 2011 to 2020

average annual percentage change (AAPC) for incidence
trends was —1.3% (95% CI: -6.9, 5.1), -1.0% (95% CI: -11.8,
13.1) and —1.5% (95% CI: -4.8, 2.1) for male, female, and
both sexes, respectively (Table 3). The average annual
percentage change (AAPC) for mortality trends was as
follows: -1.5% (95% CI: -12.4, 11.4) for male, 4.5% (95%
CIL -5.1, 18.5) for female, and —6.1% (95% CI: -17.2, 5.4)
for both sexes, respectively. The inclusion of zero within
the confidence intervals indicated that the estimated
AAPCs are not statistically significant at the 95% confi-
dence level, suggesting no significant increase or decrease
in the observed incidence and mortality rates over the
study period.

Survival analysis

Survival analysis of patients diagnosed with NHL shows
an overall survival rate of 71.6% (95% C1I : 66.4,76.2
) for l-year, 62.6% (95% C1T :56.9,67.7) for 3-years,
61.2% (95% CI : 55.5,66.5) for 5-years, and 53.2% (95%
CI:44.6,61.1) for 10-years (Fig. 5). No median survival
time was observed in the overall survival of patients

diagnosed with NHL. Table 4 provides a comprehensive
summary of the survival data. Significant differences
in the 5-year survival rate were observed across differ-
ent age groups (p < 0.001), and the stage of diagno-
sis (p = 0.003) at the 5% level (Table 4). However, there
were no significant differences in the survival rate based
on gender (p = 0.800), ethnicity (p = 0.500), district
(p = 0.500), period of diagnosis (p = 0.400), and histo-
logical subtype (p = 0.100).

Patients diagnosed at a younger age demonstrated
higher survival rates (Fig. 6; Table 4). Specifically, those
diagnosed between 0 and 34 years exhibited higher sur-
vival rates compared to the older groups. As age at diag-
nosis increased, survival rates displayed a consistent
decline. Notably, for patients diagnosed at 75 years and
above, survival rates plummeted to 55.3%, 43.3%, and
37.1% at one, three, and five years respectively. Patients
diagnosed at the distant-metastasis stage had the lowest
survival rates, starting at 62.0% at 1-year and decreasing
to 47.4% at both the 3- and 5-year marks (Fig. 7; Table 4).
On the other hand, patients with localised stage had the



Mwalim et al. BMC Cancer (2024) 24:994

Page 8 of 14

gender —®- both —®- female —®- male

144

121

ASIR

10

2011 2012 2013 2014

2015

2016 2017 2018 2018 2020

year

gender —¢- both —®- female ¢~ male

7.51

5.01

ASMR

2.5

2011 2012 2013 2014

2015

2016 2018 2019 2020

year

Fig. 4 a Age-standardised incidence rates (ASIR) and b age-standardised mortality rates (ASMR) of NHL-diagnosed patients by year and gender from

2011 to 2020

Table 3 Summary of joinpoint regression analysis results for NHL incidence and mortality rates from 2011-2020

Characteristics Sex No of Cases Time Period AAPC (%) 95% ClI
Lower Upper
Incidence Trends Male 171 2011-2020 -13 -6.9 5.1
Female 159 2011-2020 -1.0 -11.8 13.1
Both 330 2011-2020 -15 -4.8 2.1
Mortality Trends Male 76 2011-2020 -1.5 -124 114
Female 66 2011-2020 45 -5.1 185
Both 142 2011-2020 -6.1 -17.2 54

AAPC: Average annual percentage change, CI: Confidence interval

highest survival rate, with a 1-year survival rate of 90.2%,
which decreased to 82.7% at 3-years and further dropped
to 77.4% at 5-years.

The hazard of death increases significantly with age
(Table 5). In the multivariable analysis, patients aged
55-74 have an adjusted HR of 2.91 (p = 0.003), while
patients 75 years old and above have an adjusted HR of
4.48 (p < 0.001) compared to the reference group (ages
0-34). The hazard is significantly higher for distant stage
cancers with an adjusted HR of 2.96 (p = 0.002) when
compared to localised stages. The FL histology type was

significantly associated with a lower hazard in univari-
ate analysis (HR = 0.14; p = 0.049) when compared to
ML, NOS, but this significance disappeared in the mul-
tivariable analysis (Adj HR = 0.21; p = 0.122). No sig-
nificant difference in hazard was observed across the
different districts, ethnicity, sex, and periods of diagnosis
(p > 0.05).

Discussion
The present study aimed to investigate the incidence,
mortality, and survival trends of NHL patients in Brunei
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Darussalam over a 10-year period, from 2011 to 2020.
NHL ranks among the top ten most prevalent cancers
both in Brunei Darussalam and globally. Among ASEAN
countries, Brunei Darussalam has the highest ASMR
and the second highest ASIR, according to the WHO
IARC GLOBOCAN 2022 estimates [14]. These statis-
tics underscore the urgency and importance of effective
management strategies for NHL in Brunei Darussalam.
Our findings show that both the incidence and mortality
rates of NHL remained relatively stable over this 10-year
period, although peaks were observed in 2013 for inci-
dence and in 2019 for mortality.

The joinpoint regression analysis conducted over this
period suggested stable cancer incidence and mortality
trends. We observed consistent age-adjusted incidence
rates among both male and female patients, indicating
a similar trend between genders. Possible contributors
to the stability include improved access to healthcare
and ongoing public health efforts. The stable trends
observed in this study could provide a foundation for
ongoing efforts to monitor and address the burden of
cancer in the community. However, it is crucial to note
that, despite this stability in Brunei Darussalam, projec-
tions indicate that there could be an estimated 779,000
new NHL cases worldwide by 2040 if the national rate
remains unchanged [2].

Our study found that the age-standardised incidence
rate (ASIR=11.22 per 100,000) and the age-standardised

mortality rate (ASMR=5.40 per 100,000) for NHL in
Brunei Darussalam are relatively higher than countries
in the region such as China (ASIR=5.0, ASMR=2.3)
in 2019 [15]. Lifestyle factors, environmental factors,
and genetic predisposition could influence disease risk
in Brunei compared to other parts of the world. Nev-
ertheless, the mortality rate may be higher due to late
diagnosis and inadequate treatment. The highest ASIRs
were observed in North America in 2012 and in Aus-
tralia in 2018, while the lowest ASIRs were reported in
Central and South Asia in both 2012 and 2018 [16].
Another supporting study illustrated the highest inci-
dence rates of NHL in Australia (ASIR=12.5), New Zea-
land (ASIR=12.5), Northern America (ASIR=12.0), and
Norther Europe (ASIR=11.4) [17]. These observations
demonstrate a significant prevalence of NHL in high-
income countries. However, the highest incidence rate in
high-income countries could be due to better early detec-
tion and reporting.

Our results also indicate significant variations in the
incidence and mortality trends between age groups with
the elderly population having higher ASIR and ASMR
compared to the younger and middle-aged population.
This finding is consistent with previous study which illus-
trated a significant increasing incidence rate among those
over the age of 70. For instance, countries like China,
USA, Republic of Korea, Israel, Germany, and the Neth-
erlands had higher rates of incidence and mortality in the
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Table 4 Characteristics and survival rates of NHL patients from 2011-2020

Characteristics Survival Rate (%) X2 (df) p-value*
1-year(95% Cl) 3-year(95% Cl) 5-year(95% Cl)
Period of Diagnosis 0.7(1) 0.400
2011-2015 70.7(62.7,77 4) 59.2(50.8,66.6) 58.5(50.1,66.0)
2016-2020 72.3(65.1,78.3) 66.0(58.2,72.6) 63.0(54.3,70.5)
Age at diagnosis 27.7(3) <0.001*
0-34 87.8(74.894.3) 81.6(67.7,90.0) 784(63.1,87.9)
35-54 81.3(71.7,87.9) 75.3(65.0,83.0) 75. 3(65 0,83.0)
55-74 65.0(56.3,72.3) 53.4(44.3,61.7) 53.4(44.3,61.7)
75 & above 55.3(40.1,68.1) 43.3(28.7,57.1) 37.1(22.7,51.5)
District 2.4(3) 0.500
Brunei-Muara 72.9(66.1,78.5) 64.3(57.1,70.7) 63.7(56.4,70.1)
Tutong 73.5(58.7,83.6) 61.7(46.1,74.0) 61.7(46.1,74.0)
Belait 65.2(52.4,75.3) 57. 0(44068 0) 52. 6(39464 3)
Temburong 80.0(40.9,94.6) 70.0(32.9,89.2) 70.0(32.9,89.2)
Ethnicity 1.2(2) 0.500
Malay 69.3(63.4,74.4) 60.8(54.5,66.5) 60.2(53.8,65.9)
Chinese 83.7(68.9,91.9) 73.6(57.2,84.4) 67.4(50.3,79.8)
Others 78.6(47.2,92.5) 64.3(34.3,83.3) 64.3(34.3,83.3)
Gender 0.1(1) 0.800
Male 71.1(63.5,77.3) 63.7(55.8,70.6) 61.9(53.8,69.0)
Female 72.2(64.5,78.5) 61.3(53.0,68.6) 60.4(52.0,67.8)
Stage 13.8(3) 0.003*
Localised 90.2(76.1,96.2) 82.7(67.1,91.4) 77.4(61.0,87.6)
Regional 71.2(57.8,81.0) 65. 7(520764) 65.7(52.0,76.4)
Distant 62.0(51.7,70.7) 47.4(37.1,57.0) 47.4(37.1,57.0)
Unknown 73.4(64.7,80.3) 66. 5(57274 3) 64. 7(54972 9)
Histology 9(5) 0.100
FL 100.0 100.0 90.0(47.3,98.5)
DLBCL 68.3(59.4,75.6) 61.2(51.7,69.3) 61.2(51.7,69.3)
BL, NOS 71.4(40.6,88.2) 64.3(34.3,83.3) 64.3(34.3,83.3)
OTHER B-CELL 79.3(59.6,90.1) 72.2(52.1,85.0) 66.2(44.0,81.3)
T-CELL NHL 80.8(59.891.5) 76. 7(55388 8) 71.9(49.7,85.6)
ML, NOS 68.4(59.1,76.0) 54.7(45.1,63.3) 54.7(45.1,63.3)

*Statistically significant (p<0.05); ?log-rank test; C/: Confidence interval

older population compared to the younger population [3,
16].

Moreover, DLBCL accounts for 39.1% of all cases
recorded in Brunei Darussalam, making it the most com-
mon subtype. DLBCL was identified as the predominant
histological subtype among NHL patients in Thailand,
representing 58.1% of all subtypes studied [18]. Another
similar research conducted in Bangladesh found that
DLBCL accounted for 34% of all NHL cases [19]. These
findings indicate the widespread prevalence of DLBCL
across diverse populations, underscoring the need for
further research to understand its epidemiology and clin-
ical characteristics.

While gender disparities were evident among NHL
subtypes, we found no significant association between
histological subtype and gender. Nevertheless, the obser-
vation that DLBCL exhibits a higher percentage of female
patients underscores the complexity of NHL subtypes

and the potential for distinct biological underpinnings
or unique risk factors associated with specific subtypes.
A study conducted in Zambia observed similar results,
whereby DLBCL affected more females than males, with
a male to female ratio of 0.68 to 1 [20]. In contrast, a
Swedish cohort study analysed more cases of DLBCL in
males (55.8%) than females (44.2%), suggesting unclear
reasons for sex differences in lymphoma incidence and
mortality by subtypes [21]. However, many researchers
have reported higher incidence in males than females in
most histological subtypes, with few variations between
males and females. Follicular lymphoma (FL) and Burkitt
lymphoma (BL) were less common in Brunei Darus-
salam with only 3.9% and 4.2% of all cases respectively. It
has been reported that FL is more prevalent in Western
countries, while BL being more common in Africa [22].
These variations could potentially be attributed to differ-
ences in genetic factors and geographical locations.
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Table 5 Univariate and multivariable cox PH regression analysis

Variable HR(95% Cl) p-value AdjHR(95% p-value
cl)

Period of

diagnosis

2011-2015 1.00 - 1.00 -

2016-2020 0.86(0.60,1.23) 0404 0.88(0.57,1.35) 0.551

Age at

diagnosis

0-34" 1.00 - 1.00 -

35-54 142(0682.96)  0.346 1.33(063,2.82) 0454

55-74 2.98(1.53,581)  0.001 2.91(1.455.87) 0.003*

75 & above 4.16(2.02859)  <0.001* 4.48(2.099.62) <0.001*

District

Brunei-Muara”  1.00 - 1.00 -

Tutong 1.07(0.64,1.76)  0.806 1.02(0.59,1.75)  0.942

Belait 1.33(0.88,2.02) 0.182 1.30(0.83,2.03) 0.257

Temburong 0.70(0.22,2.21)  0.539 0.67(0.20,2.24) 0518

Ethnicity

Malay" 1.00 - 1.00 -

Chinese 0.73(042,1.28)  0.270 0.63(0.36,1.13)  0.119

Others 0.96(042,2.20) 0932 1.09(045,2.63) 0.842

Sex

Male' 1.00 - 1.00 -

Female 1.04(0.74,1.47) 0819 1.15(0.80,1.66) 0442

Stage

Localised' 1.00 - 1.00 -

Regional 1.81(0.86,3.80) 0.119 1.48(0.69,3.17) 0310

Distant 293(149,576)  0.002*  2.96(1.47,594) 0.002*

Unknown 1.74(0.87,347)  0.115 1.78(0.88,3.60) 0.106

Histology

FL 0.14(0.02,1.16) ~ 0.049*  0.21(0.03,1.53) 0.122

DLBCL 0.87(0.71,1.44) 0475 0.99(0.63,1.55) 0.959

BL, NOS 0.72(0.27,1.67) 0476 0.98(0.37,2.56) 0.965

OTHERB-CELL ~ 0.61(041,1.54)  0.170 0.68(0.32,145) 0323

T-CELL NHL 0.51(0.23,01.12)  0.096 0.80(0.35,1.84) 0.595

ML, NOS' 1.00 - 1.00 -

HR: Hazard Ratios, C/: Confidence interval, Adj: Adjusted, °p-value from
Univariate Cox PH regression; bp—value from multivariable Cox PH regression;
"reference level; *statistically significant (p<0.05)

In terms of age at diagnosis, some subtypes such as FL
and BL, NOS, tend to affect younger individuals, primar-
ily those aged 35 to 54, while others like DLBCL, Other
B-Cell NHL, and ML, NOS, were more common among
older individuals. Notably, T-cell NHL cases were more
prevalent in the youngest age group, suggesting potential
pediatric-specific factors in disease development. This is
consistent with findings from 2016 suggesting that the
prognosis for children and adolescents suffering from
T-cell lymphoma is generally more unfavourable com-
pared to younger children with other forms of NHL [23].
However, the prognosis varies with the type of T-cell
lymphoma, such as peripheral T-cell lymphoma, which is
rare among children and adolescents, may have a differ-
ent outcome [24].
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Additionally, the stage of cancer at diagnosis varies sig-
nificantly among NHL subtypes, further emphasizing the
complexity of this disease. Our study revealed a signifi-
cant association between the stage at diagnosis and the
various histological subtypes observed, suggesting poten-
tial implications for tailored treatment strategies and
improved prognostic evaluation. The majority of cases
in subtypes such as FL and ML, NOS, were diagnosed
at the distant-metastasis stage. Patients diagnosed with
advanced-stage disease often face different treatment
approaches, prognosis, and overall management com-
pared to those diagnosed at an earlier stage. This under-
scores the need for enhanced diagnostic strategies and
awareness of the potential for aggressive NHL subtypes
to present at an advanced stage, even when subtle symp-
toms may initially suggest otherwise.

The overall survival rates for NHL patients in Bru-
nei were 71.6%, 62.6%, and 53.2% at 1-year, 5-years, and
10-years, respectively. These rates are comparable to
those reported in the United States of America (USA)
between 2000 and 2015, where the 1-year, 5-year and
10-year survival rates were 76%, 61% and 48%, respec-
tively [25]. Another supporting study conducted in the
USA and Europe reported an overall 5-year survival of
50-60% [26].

Age is found to be a significant predictor of survival
in this study, with pronounced disparities observed
across different age groups. Younger patients, especially
those aged 0-34, showed higher survival rates. In con-
trast, patients diagnosed at 75 years and above had the
lowest rates. This observation aligns with previous stud-
ies demonstrating a higher 5-year relative survival rate
in younger age groups compared to older age groups
during 2000-2018 in the USA [27]. The median age of
diagnosis in Brunei is 58.5 years, while in Thailand it is
56 years [18]. The difference in median age of diagnosis
could be due to various demographics, lifestyle, and risk
factors that vary between the two countries. However, it
is important to note that a comparison of median age of
diagnosis alone does not provide a comprehensive under-
standing of the factors driving the difference in age dis-
tribution between the two countries; further research is
necessary to identify the potential underlying factors.

The stage of diagnosis is also a significant factor for
survival among NHL patients. Patients diagnosed at the
distant-metastasis stage showed the lowest survival out-
comes with a 5-year survival probability of 47.4%, while
the survival probability for localised stage was 77.4%.
This could be due to the spread of the cancer at a distant-
metastasis stage making the treatment more challenging
for patients diagnosed at an advanced stage. By contrast,
a 5-year survival for stage I (localised stage) from 2010
to 2016 in US was 83.5%, while survival for stage IV (dis-
tant-metastasis stage) was 63.3%, which are higher when
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compared to Brunei Darussalam [28]. The reasons for
these differences might include technological advance-
ments in treatment methods, geographical location,
genetic factors, and environmental exposures.

The hazard ratio (HR) indicated a significant associa-
tion at the 5% level between distant-metastasis stage and
increased risk of mortality (HR: 2.93), highlighting the
critical impact of disease progression on patient survival.
This is in line with findings that show stage IV patients
(distant-metastasis stage) have a significantly higher
risk of mortality compared to stage I patients (HR: 1.93)
[25]. Additionally, our results showed an increased risk
of mortality with advancing age, particularly in patients
75 years and older (HR: 4.16) compared to the 0-34 age
group. Factors such as gender, ethnicity, district, and
period of diagnosis were found not to impact survival.

This study has several strengths that contribute to the
significance of the findings. The use of a population-
based cancer registry provides a comprehensive and
representative dataset, allowing for a detailed analysis
of NHL trends in Brunei Darussalam. The long study
period also enhances the ability to observe changes and
trends over time. However, there are a few limitations to
consider. While the improvement of the national cancer
registries through adoption of the national electronic
medical records system (BruHIMS) in 2013 and the can-
cer registration system (CanReg5) in 2016 have improved
the accuracy of the registry database system, these
changes have also introduced changes in the consisten-
cies of the surveillance before and after the implementa-
tion. Additionally, the study did not investigate possible
genetic, lifestyle, and environmental risk factors that may
contribute to the differences between NHL subtypes.
This information could provide a broader understand-
ing of the disease’s prevalence and behaviour in various
demographic groups. Furthermore, our study lacks infor-
mation about the treatment that the NHL patients under-
went, which is important to understand the impact of the
disease and treatment efficacy [29]. Detailed treatment
data, including the types and combination of therapies
used, can provide insights into patient outcomes and help
identify the most effective treatment strategies. Poten-
tial areas for improvement in future research include
the incorporation of prospective data and the inclusion
of genetic, lifestyle, and environmental factors to better
understand their impact on NHL trends, and the collec-
tion of detailed treatment information to assess the effec-
tiveness of different therapeutic approaches.

Conclusion

In conclusion, the study’s findings provide valuable
insights into the incidence trends, mortality patterns, and
survival rates of NHL in Brunei Darussalam from 2011
to 2020. While the incidence of NHL cases has remained
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relatively stable, it is crucial to acknowledge and address
the significant burden of NHL on the healthcare system
and the population in Brunei Darussalam compared to
other regions. In light of these findings, there is a strong
need to direct future strategies towards developing
robust primary and secondary preventive measures tar-
geting identified high-risk groups to mitigate risk factors,
and investing in technologies and public health cam-
paigns that prioritise screening and early detection. Early
diagnosis not only offers better therapeutic outcomes
but can significantly reduce the strain on healthcare
resources and the burden on patients and communities.
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