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A B S T R A C T

Background: Forecast of disease burden in lung cancer is an important health agenda. One of the main challenges
is to predict the evolution of trends in disability-adjusted life year (DALY) of lung cancer so as to anticipate the
future burden and to coordinate the supply of sufficient health services and care.
Methods: Using 2004–2013 cancer registry data in Guangzhou, we fitted Bayesian age-period-cohort models
with age, period, and cohort effects to analyze trends of lung cancer among women, and then made forecast for
DALY of lung cancer until 2030.
Results: During 2004–2013, there was an annual average of 10,582 DALYs for lung cancer (15.84% of total
DALY). In 2014–2030, DALY is expected to reach 234,752 person-years for lung cancer (12.25% of total DALY),
with an annual mean of 13,809 DALYs. Lung cancer crude DALY rate is projected to rise steadily from 257.56
(95% uncertainty interval: 165.97–361.22) in 2014 to 316.99 (219.96–419.41) per 100,000 women in 2030, and
the rise is mainly seen in 45–64 years age group. Lung cancer DALY rate remains the highest in the 65–89 years
age group.
Conclusions: Women at 65–89 years carry the highest lung cancer burden among other age groups in Guangzhou.
The DALY rate of lung cancer is projected to increase most precipitously for the 45–64 years age group. This
indicates that concerted efforts are needed to develop adequate cancer services, and to reassess health resources
for control and care of lung cancer in these populations.

1. Introduction

Cancer is one of the leading causes of mortality worldwide, with
nearly 18.1 million new cases and 9.6 million cancer-related deaths in
2018 [1–3]. Its rank shifted from the third leading cause of death in
1990 to the second leading cause of death in recent years [3], having
caused substantial health and financial burdens to patients around the
globe. Of the 213 million disability-adjusted life-years (DALYs) attrib-
uted to cancer in the latest global burden of disease (GBD) study, 17.1%
have been ascribed to lung cancer [3]. In China, cancer led to over 2.6
million total deaths in 2017; more than 26.5% could be attributed to
lung cancer [4]. Indeed, lung cancer ranks the fourth place in the
leading causes of DALYs, while also remaining at the top among other
neoplasms. The lung cancer burden has only increased in recent years,

reaching almost 15.3 million DALYs [3,5,6]. In a previous GBD study,
tobacco smoking and industrially emitted ambient matter pollution
were reported to be the leading risk factors for lung cancer [7]. Thus,
the incidence of lung cancer in China is expected to grow in the future,
given the consistent high consumption of tobacco [8], and a vast and
expanding industry capacity [9]. Lung cancer also entails a substantial
financial burden, with per-patient costs estimates as $43,000 and rising,
for treatment and care in China [10]. The impact may be even more
substantial in urban areas [11], possibly a side effect of rapid growth,
industrialization and poor air quality [12]. Indeed, lung cancer was the
leading malignant cancer for women’s mortality in Guangzhou, a ty-
pical mega city in China [11]. Since lung cancer contributes sub-
stantially to women’s death, it is of public health and financial im-
portance to clearly characterize the lung cancer burden among urban
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women.
DALY, which combines premature mortality, incidence and dis-

ability, is the most widely used summary metric for disease burden
[3,13]. Studies of cancer disease burden report DALY to offer insight for
prioritizing prevention and treatment of cancer [14]. Yet, to date, such
studies have focused on evaluating past or present DALYs, seldom
giving attention to the prediction of future DALY. But prediction of
cancer DALY is critical: a) for purposes of public health and clinical
planning, b) for appropriately assigning limited resources to screening,
diagnosis, treatment, rehabilitation and palliative care, and c) also for
helping to monitor the effectiveness of health tactics [15]. Predicting
cancer DALY requires projecting cancer mortality and incidence. A less
common method proposed by the GBD study [16] used multilevel
model to estimate the trend of cancer mortality (or incidence). It re-
quires multilevel covariates and thus is suitable for use with hier-
archical data, but it lacks generalizability and is currently only used in
the GBD study. The other more common method is the aggregated
method, for which the age-period-cohort (APC) model is most widely
used. This approach can predict cancer incidence (or mortality) trends
across several decades, in terms of age, period and cohort effects [17].
Equipped with Bayesian priors, the APC model generally yields more
stable future values than non-Bayesian APC models [18]. However, to
the best of our knowledge, a Bayesian APC model has not previously
been used for prediction of lung cancer DALY in literature. Given that,
we intended to introduce Bayesian APC modeling to the long-term
prediction of DALY in this study.

The objectives of this study were: a) to use cancer registry data to
provide an estimate of the burden of lung cancer among women re-
siding in Guangzhou, China, and b) to forecast the future lung cancer
burden to provide detailed age-sex-specific DALY estimates. In response
to the recently announced Healthy China 2030 plan, which emphasizes
cancer prevention and treatment over the next two decades [19],
forecast was made till the year 2030. This study complies with the
Guidelines for Accurate and Transparent Health Estimates Reporting
statement.

2. Materials and methods

2.1. Study area and data sources

Guangzhou city, covering an area of 7434 km2, held a total number
of 8.3 million registered household population in 2013. Age-specific
incidence and mortality datasets were obtained from the Guangzhou
Cancer Registry, for all-cancer (sum of all registered cancers) and lung
cancer cases (defined according to the tenth version of the International
Classification of Diseases (ICD) codes as ICD-10 C33-C34), in women
residing at urban areas of Guangzhou, from 2004–2013. The cancer
registry data were annually collected from cancer surveillance sites by
the government, and covered all administrative districts for the whole
city [20]. Locally estimated scatterplot smoothing was implemented to
smooth biased datapoints and describe the deterministic part of the
data variation, as implemented in the GBD study [21]. Age-specific
registered population data for the study period were also available from
cancer registry database for the urban areas of Guangzhou. Estimated
female population for 2014 to 2030 in the urban areas of Guangzhou
were calculated based on demographic structure projection models as
reported by Han and colleagues [22]. The women population are pro-
jected to reach 4.7 million by 2030. Also, the China and world popu-
lation data were used as the standard population in the study and were
extracted from the United Nations projections, covering 2004–2030
[23].

2.2. Bayesian APC model

We modelled lung cancer mortality and incidence using Bayesian
APC model [Eqs. (1) and (2)] [24].

y Poisson n˜ ( )ij ij (1)

= + + +n pln( ) ln( )ij ij i j k (2)

We assumed the number of incidence/mortality cases (yij) for the i
th

age group (i= 1, 2, …, I) and the jth year (j= 1, 2, …, J) followed a
Poisson distribution, with average nij. We also used equation

= × +k 5 ( I i) j to counteract the unequal interval effect presented
by age period [25]. Then, the natural logarithm of nij was further de-
composed into population offset pln( )ij , an age effect i, a period effect

j and a cohort effect k shown in Eq. (2). The age effect accounted for
biological or sociological characteristics changed along with aging. The
period effect reflected factors that simultaneously impact all in-
dividuals, regardless of their individual differences, such as impact of
war, famine and environmental pollution. The cohort effect represented
a comprehensive profile of exposures specific to each generation [26].

Next, constrained Poisson-link APC models were implemented to
account for identification problems [27]. We set constraints on the first-
order differences for the period and cohort effects, and on the second-
order difference for age. A Gaussian distribution prior was set for i, j
and k, precision parameters of which had a gamma-distributed flat
hyper-prior. Next, each Bayesian model was generated by three Markov
Chain Monte Carlo chains for 60,000 iterations. We used Gelman and
Rubin’s convergence diagnostic to check for convergence [28] and
posterior mean deviance for model goodness-of-fit. We compared
models using the deviance information criterion (DIC) and a smaller
DIC implies a better model fit [29]. We further checked model pre-
dictive performance using the Bayesian P-value [30] and 10-fold cross-
validation [31]. More desirable model performance is indicated by
Bayesian P-values closer to 0.5 [32], and smaller bias-corrected 10-fold
cross validation deviance (CV10) [31]. The resulting models were used
to forecast median age-specific lung cancer incidence and mortality for
2014-2030. We derived 95% uncertainty intervals (UI) from the para-
meter posterior distributions (using 2.5% and 97.5% of the iterated
samples).

2.3. Calculation of DALY

In the study, we adopted the incidence-mortality DALY approach
[13,33] to estimate the Guangzhou lung cancer burden among women.
DALY estimates premature death as years of life lost (YLL), and non-
fatal health outcomes as years lived with disability (YLD). One DALY
indicates one-year of "healthy" life lost [33].

To estimate YLL for sex-specific (s) health outcomes (c) that could
lead to premature death, the number of fatal cases (d) for a specific
health outcome (c) at age (a) was multiplied by the remaining life
expectancy (e) at age ã [Eq. (3)]. Next, incident YLD was calculated for
sex-specific (s) health outcomes (c) by multiplying the number of in-
cidence cases without fatality (n), with the duration of the disabling
condition (t), and the disability weight (w) specified for a specific
health outcome (c) [see Eq. (4)]. DALY rate was calculated using age-
specific standard population.

= ×YLL d e
c

c
a s

c
a s, ˜,

(3)

= × ×YLD n t w
c

c
a s

c
a s

c
a s, ˜, ˜,

(4)

We employed the Coale and Demeny West Level 26 Life Table for
calculating YLL. We generated average age-specific durations of lung
cancer by Dismod-II software (See Table A.1). A detailed description of
Dismod-II can be found elsewhere [34]. Terminal phase of lung cancer
disability weights were extracted from the 2017 GBD Study to account
for the heaviest disease burden brought by lung cancer [35]. Projected
YLL and YLD were calculated with predicted mortality and incidence
that were derived from the Bayesian APC model. Annualized rate of
change was used to depict the annual percentage change for DALY
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rates. We assumed constant life expectancy, cancer durations and dis-
ability weights to predict DALY for the projected period. All analyses
were performed using R (version 3.4) and WinBugs (version 14).

3. Results

3.1. Evaluation of projection models

Table 1 shows the goodness of fit statistics from the model selection
procedure for the APC analysis. Age, period and cohort effects were
fitted sequentially, and different models were then compared in terms
of deviance, DIC and Bayesian P-value, and CV10. In all, the full APC
model provided the best fit. Firstly, the full APC model fit with smaller
values of deviance compared with the other partial models. Secondly,
the full APC model fit better than the APC model with interaction term
because the interaction-free model had lower DIC. Thirdly, even though
the interaction-free full APC model yielded higher DIC values than
some partial models, the Bayesian P-values were much closer to 0.5 and
with greater precision. Finally, the full APC model produced the lowest
cross-validation deviance in the 10-fold cross validation test. Dissection
of age, period, and cohort effects in the final model was shown in Figure
A.1 and Figure A.2.

3.2. Characteristics of observed incidence and mortality rates

In Guangzhou, a total of 9049 incident lung cancer cases (with a
rate of 24.36 per 100,000) and 6351 lung cancer deaths (with a rate of

17.10 per 100,000) were observed among women during 2004–2013.
Fig. 1 shows the age-standardized incidence and mortality rates for
observed (2004–2013) and projected (2014–2030) lung cancer cases
among women. The figure shows that rates for both lung cancer in-
cidence and mortality are projected to rise through 2030, although with
a higher rate for incidence than for mortality. Upward trends of in-
cidence rate for the elder age groups (75 and 85 age-groups) were also
decomposed and depicted in Figure A.1.

3.3. Projected DALY and DALY rate of lung cancer

Table 2 shows the trend over time for lung cancer DALY and its
crude DALY rates. Overall, there was a total of 105,819 DALYs for lung
cancer (15.84% of total DALY) for 2004–2013, averaging to an annual
DALY of 10,582 person-years. For 2014–2030, there will be a total of
234,752 DALYs for lung cancer (12.25% of total DALY), which can be
averaged to an annual DALY of 13,809 person-years. Crude DALY rate
of lung cancer is projected to rise from 257.56 (95% UI: 165.97 to
361.22) in 2014, to 316.99 (219.96 to 419.41) per 100,000 women in
2030. Next, lung cancer crude DALY rate increased for all age groups in
the observed period 2004–2013 (with an annualized change rate of
3.59%), but will decline slowly from 2014 to 2030 (with an annualized
change rate of -0.31%). Besides, the age-standardized DALY rate for
lung cancer increased in 2004–2013 (with an annualized change rate of
3.06%), but it is expected to remain stable for 2014–2030, and there-
fore resulting in an overall annualized change rate of 1.12% from 2004
to 2030.

Table 1
Goodness-of-fit for age-period-cohort (APC) models for lung cancer, among women in Guangzhou, 2004–2013.

Dataset Modela Deviance (95% uncertainty interval) pDb DICc Bayesian P-value (95% uncertainty interval) CV10d

Incidence data Age 846.78 (838.50, 858.90) 12.48 859.26 0.2857 (0.1339, 0.4062) 17 334
Age-period 795.71 (775.50, 858.50) 29.72 825.44 0.3393 (0.1964, 0.4241) 11 996
Age-cohort 814.54 (789.50, 886.15) 39.76 854.30 0.2812 (0.1741, 0.3929) 13 359
APC with age-cohort interaction term 869.78 (758.20, 1 340.52) 135.21 1004.98 0.3482 (0.2411, 0.4062) 11 527
APC 794.71 (756.20, 924.50) 58.64 853.34 0.3571 (0.2411, 0.4241) 10 024

Mortality data Age 907.07 (899.70, 917.20) 11.49 918.56 0.1964 (0.0759, 0.3214) 18 260
Age-period 716.53 (696.40, 781.55) 29.25 745.78 0.2902 (0.1786, 0.3973) 7 651
Age-cohort 843.10 (764.20, 1 180.52) 92.65 935.75 0.2500 (0.1786, 0.3304) 12 542
APC with age-cohort interaction term 760.93 (661.50, 1 168.10) 122.38 883.30 0.3438 (0.2589, 0.4062) 7 502
APC 697.14 (660.15, 822.26) 54.25 751.39 0.3527 (0.2500, 0.4330) 5 509

a Each model was fitted in a Markov Chain Monte Carlo run of three chains for 60,000 iterations, including 10,000 burn-ins and sampling from every 10th

iteration.
b pD, posterior mean deviance.
c DIC, deviance information criterion.
d CV10, 10-fold cross validation test.

Fig. 1. Observed (2004–2013) and projected (2014–2030) lung cancer incidence and mortality rates, among women in Guangzhou.
Notes: Both incidence and mortality rates were age-adjusted by the Chinese population [23].
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With regards to age-specific results, the age-standardized DALY rate
for lung cancer is expected to rise with an annualized change rate of
1.46% for 45–64 age group in 2004–2030. However, age-standardized
DALY rates are predicted to remain stable for 20–44 age group, and
decline gradually for 65–89 age group. The DALY burden of lung cancer
is the highest among women aged 65–89 years, for both crude rate and
age-standardized rate (Table 2).

Fig. 2A shows the temporal trends for world-population-adjusted
lung cancer DALY rate from 2004 to 2030 by year and age. Specifically,
among women aged 45–64 years, lung cancer DALY rate is projected to
increase from 0.60 (0.40 to 0.81) to 0.76 (0.55 to 0.96) per 100,000
women for 2013 and 2030 (with an annualized change rate of 1.32%).
However, for 65–89 years, lung cancer DALY rate is projected to decline
from 1.47 (0.97 to 1.98) to 1.41 (0.95 to 1.88) per 100,000 women, for
2013 and 2030 (with an annualized change rate of -0.23%). Fig. 2B
shows the trend of age-specific DALY numbers for lung cancer among
women for 2013 and 2030. Among women aged under 45 years, DALY
uncertainty interval was showed to overlap between the years, in-
dicating that time trend for the 20–44 age group is expected to remain
stable throughout the projected period. For women aged 45–64 years,
the number of lung cancer DALY is expected to rise significantly, with
non-overlapping uncertainty intervals.

4. Discussion

This study shows that overall lung cancer DALY is gradually in-
creasing throughout 2004–2030, and most precipitously for the middle-
age women (45–64 years). To our knowledge, this is the first study to
predict the disease burden of lung cancer using APC models. This study
is also the first study to report the lung cancer burden for Guangzhou,
China, measuring with DALY and DALY rate. In measuring disease
burden, we used DALY and DALY rate because they outperform in-
cidence and mortality in two ways. Firstly, incidence and mortality are
conventionally implemented as measurement indices of disease fre-
quency. But these traditional indicators only concern observed cases
and basic population data in a less comprehensive manner. The DALY
considers both survival time and quality of life attributed to a specific
disease, with its calculation requiring age and gender specific data for
incidence, fatalities, severity and life expectancy. Therefore, DALY can
depict the threat of disease to the whole population, providing a more
synthesized picture than incidence and mortality [36]. Secondly, it is
convenient to compare DALY and DALY rate from different geographic
areas and different times directly, because they are calculated based on
comparable age-gender-specific population data as well as standard life
expectancies and disability weights [37]. In addition, we adopted the
earlier mortality-incidence-based DALY approach [13] to estimate the
lung cancer disease burden, rather than the recent mortality-

Fig. 2. Trends for lung cancer DALYa, among women residing in Guangzhou during 2004–2030.
aDisability-adjusted life-year.
Notes: (A) Trends for world-population-adjusted lung cancer DALY rate from 2004 to 2030 by year and age. The DALY rate was age-adjusted by the world population.
The world population was extracted from the population report [23] published by the United Nations. (B) Age-specific trends of lung cancer DALY among women for
2013 and 2030.
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prevalence-based method [37]. Under the earlier mortality-incidence-
based approach, DALY measures a year of healthy life lost either
through premature death or through health loss connected with cancer
occurring in a specific time. To account for trends, and to set priorities
for preventive interventions, incidence is a more appropriate input to
the prediction of DALY than prevalence because: a) incidence is more
sensitive to temporal trend; and b) incidence data are readily available
from the Guangzhou cancer registries. Thus, the mortality-incidence-
based DALY was adopted for this study.

Comparison with other disease burden studies corroborates our
findings. The lung cancer DALY in Guangzhou is much less severe than
those reported for China overall and globally [37]. However, both
China overall and the world share a similar pattern of increasing lung
cancer DALY among women [3], as those in Guangzhou. The uprising
trends of lung cancer DALY and DALY rates may mainly be ascribed to
the escalating burden in the middle-age group (45–64). After age-
standardization, we find that DALY rate for the middle-age group may
see a steady rise with an annualized rate of 1.46% over the 2004–2030
period. Next, even though the elderly women (65–89 years) continue to
carry the highest lung cancer DALY burden, we find that their DALY
rate may be slowly decreasing (Fig. 2A). The reasons may be in part
owing to the decreasing trend of age effects among the elderly (Figure
A.2). Indeed, as illustrated by Yang and Holford [26,38], varying age
and cohort effects can have an influence on the shape of the period
trend. The declining age effects among the elderly may reflect the de-
velopmental changes of public health intervention in averting lung
cancer [39]. Nonetheless, the rising trend for all-age group and the
45–64 age group are consistent with expected trends for China and the
world [3]. In China, these patterns may be due in part to high levels of
exposure to environmental pollutions in the past, such as ambient PM2.5

[4,7]. As a rapidly expanding megacity, with a population of more than
8.7 million in 2017 [22], Guangzhou experienced high levels of air
pollution problems over the past decade [40] and a previous local
burden of disease study reported that over 20% lung cancer DALY
burden could be ascribed to ambient PM2.5 exposure in Guangzhou
[41]. Alternative to ambient air pollution, growing smoking prevalence
rate in women [42] may also explain the rising incidence trends and
escalating lung cancer burden [7]. Therefore, we suspect that
Guangzhou’s upward trend for DALY of lung cancer may be attributable
in part to its air pollutants and the unhealthy behavior in women.
However, the quantitative assessment of exposure factors is beyond the
scope of the paper.

In the study, the predicted steady growth in the overall crude and
age-standardized DALY rates among women, for all-cancers and for
lung cancer, reflects a gradual, yet important increase in resource re-
quirements for cancer care services in coming years. However, cancer
services in mainland China, especially for supportive and palliative
care, are diverse and scarce as less than one in a thousand cancer pa-
tients can receive such services [43]. And as our data show, much of the
burden will take place in the 65–89 years age group, but most of the
projected growth is seen in the 45–64 years age group for lung cancer.
Therefore, cancer services should be expanded to cover the shortage.
Specifically, the expansion of future cancer services should give special
consideration to the unique conditions of an expanding aging patient
population, such as increasing surgical expenses, a higher likelihood for
treatment-related complications, multiple comorbidities, and special
needs for supportive and palliative care, among others.

Some limitations of our work should be acknowledged. First, the
time interval in the study only covered a ten-year period, owing to the
limited availability of cancer registration data. However, a previous
study in Taiwan empirically constructed and validated a Bayesian APC
model with only seven years of data (covering 1996–2002) [44]; and a
previous age-period-cohort study conducted by Chen and colleagues
[45] predicted the long-term trend of lung cancer incidence in China
until the year 2020, based merely on a ten-year period of data
(1998–2007). Therefore, we believe that our collected data may be

sufficient for fitting and extrapolating the age, period and cohort ef-
fects. Second, we did not consider more specific information in our
models such as gross domestic product, geography information, in-
dividual exposure to hazards, etc., due to the absence of relevant data.
Finally, we assumed the life expectancy, disability weights and disease
duration to remain constant in the models. This approach allows us to
compare the results to previous reports [33], and yet, ongoing evidence
suggests a global increase of life expectancy [46], and the future burden
of cancer will likely be influenced by increasing life expectancy, unless
mortality rate falls drastically [3]. Therefore, changing trends of life
expectancy remain to be integrated into the DALY prediction in a future
research. Analogously, resulting from changes in public perceptions,
public policies and technological innovations, and trends in disease
duration, a different set of disability weights is also possible in the fu-
ture [13]. So, we suggest integrating changes of disability weights and
disease duration in a future study, expanding upon our work here.
Though limited in some respects, the results of the current study pro-
vide a first step in a long-term investigation of DALY trends of lung
cancer.

But the study also has some strengths. An APC approach was used in
the study, which makes it easier to explain the trends of lung cancer
burden among the study population. While APC model is recognized as
a highly robust aggregate model for tabular data [24], it allows for
decomposing tabular data into three time-related effects: age, period
and cohort effects, and each effect reflects an underlying factor such as
biological process, etiological factors, and historical changes related to
diseases [26]. Therefore, the APC model can depict complex influence
of social, historical and environmental factors that may have a si-
multaneous impact on the population over a long period of time [47].
Besides, under the Bayesian approach, we are able to introduce first-
order and second-order differences in the models to smooth out each
time effect. As a result, we could achieve better fit, and at the same
time, avoid extreme predictions [18]. Another strength of the research
is that we simplified the calculation of YLD and avoided interpretation
complexity. Specifically, we did not used age weights and time discount
in calculating incident YLD, given the controversial nature of these
attributes. Previous study showed that incorporating these attributes
might underestimate disease burden among the younger groups and
lead to morally unacceptable allocations of health resources between
generations [13]. The approach to simplification has also been taken in
the current GBD study [7], and thus our choice of attributes also en-
sures comparison with the existing study.

In summary, we developed a Bayesian APC model to predict time
trends in women lung cancer incidence and mortality. We then de-
scribed the women lung cancer burden using DALY, which compre-
hensively reflected both cancer incidence and mortality. In Guangzhou,
women at the 65–89 years age group have the highest lung cancer
disease burden. Our projected growth for the all-age lung cancer DALY
rate, and especially for women at 45–64 years of age, indicates that
Guangzhou will face a slight and yet consistent growth in the disease
burden of lung cancer for at least the next two decades. We expect our
results to be useful for policy-makers, by offering them important in-
sight regarding the forecasted cancer burden and quantitative data
upon which to base expansion of more adequate cancer treatment
services. Our results also highlight the need for reassessment of the
resources allocated to cancer control and care, in order to anticipate the
growing burden of cancer in the women community.
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