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Abstract

Background

An increase in cancer incidence in developing countries is
expected due to the possible decline of mortality from
infectious diseases, improved healthcare, population
growth and increasing life expectancy. It can therefore be
anticipated that the number of cancer patients requiring
palliative treatment will also rise in Nepal, creating a
discrepancy between the requirement and delivery of
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health care. Estimation of trends is very essential for the
planning of future requirements in any such programme.

Method

This retrospective study analysed the records from the
Radiotherapy Department at Manipal Teaching Hospital,
Pokhara, Nepal to calculate the number of cancer patients
who received palliative treatment with radiotherapy
between September 2000 and December 2008. Descriptive
statistics was used for the analysis and subsequently,
statistical modelling techniques were applied for forecasting
of future trends.

Results

Of 1001 cancer cases, 363 patients received radiotherapy
with palliative intent during the study period. Excluding the
constant term from the equation, the Logarithmic model
was the best fitted, with R® = 0.727, p = 0.002 for the
forecasting of cancer patients receiving palliative treatment.
Using this model, the number of cancer cases receiving
palliative radiotherapy at the hospital in the year 2015 was



&

estimated to be 68. Thus, the number of patients requiring
radiotherapy with palliative intent shows a pattern of
increasing trend over the coming years.

Conclusion

The data analysed in the present study indicates an
increasing future trend of patients requiring palliative
therapy at the centre. In the future, a discrepancy may arise
between the requirement and capacity of care available to
these patients. Government and healthcare agencies of
Nepal must ready themselves to promote better strategies
for adequate provision to the cancer patients receiving
palliative treatment in the coming years.
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Background

The World Health Organization defines palliative care as ‘an
approach that improves the quality of life of patients and
their families facing the problems associated with life
threatening illness, through the prevention and relief of
suffering by the means of early identification, impeccable
assessment and treatment of pain and other problems-
physical, psychosocial and spiritual.” Palliative care is the
active, holistic care of patients with terminal illness.
Management of pain and other symptoms and provision of
psychological, social and spiritual support is of paramount
importance. The goal of palliative care is achievement of the
best quality of life for patients and their families. Many
aspects of palliative care are also applicable earlier in the
course of the illness in conjunction with other treatments’.
Based on the intent, treatment of cancers is classified as
either curative or palliative. Though palliative care is not just
limited to patients with advanced cancers, they form the
majority of patients requiring palliation. Palliative anti-
cancer treatment is indicated when curative treatment is
not possible and cancer has extensively metastasized but
where treatments may have sufficient anticancer activity to
improve cancer-related symptomsz. This form of treatment
is given in addition to symptomatic treatment. Those in
terminal phase of illness are usually provided only Best
Supportive Care (BSC). Jassem et al defined BSC as
"treatment administered with the intent to maximize quality
of life without a specific anti-neoplastic regimena. In 2008,
53% of the 12-7 million new cases of cancer and 63% of the
7-6 million cancer deaths worldwide occurred in developing
countries. Projections from GLOBOCAN 2008 also suggest
that this trend is likely to remain over the next couple of
decades”. Many of these patients in developed countries
would have received palliative treatment, as well as hospice
care. The Centre for Disease Control reported that 55,500
cancer patients received palliative care, and accounted for
52.6% of patients receiving palliative care in the United
States of America in the year 2000. However, the situation
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is likely to be different in developing and under-developed
countries, where the availability of services is far less®. A
population based cancer registry [the database of cancer
cases occurring in a defined population] assists not only in
knowing the burden of the disease but also in planning and
evaluating health services for the prevention, diagnosis and
treatment of the disease®. Patients with advanced stage of
cancer respond poorly to the treatment and therefore, an
early diagnosis of cancer helps for possible cure of the
disease. Nepal lacks a population based cancer registry.
However, a hospital based-cancer registry’s initial report
(data taken from 7 hospitals) for the year 2005 mentions a
total of 4,397 cancer cases with 2,340 females and 2,057
males’. The precise forecasting of cancer trends and the
estimation of future incidence rates help in pre-planning
and allows for better resource allocation, which is
invaluable for public health services within the present
situation of Nepal. One approach to study the incidence
data on cancer is by analyzing of trends and variations and
creation of the best statistical prediction models®. The
objective of this study was to estimate the numbers, and
trends of cancer patients receiving palliative treatment in
the Department of Radiotherapy at Manipal Teaching
Hospital, Pokhara, Nepal.

Method

Forecasting of cancer cases for palliative treatment was
attempted using the data retrieved from the radiotherapy
treatment records of patients treated at Manipal Teaching
Hospital between September 2000 and December 2008. The
variables collected were age, gender, cancer cases, type of
treatment being received (curative vs. palliative),
information regarding unplanned interruptions and
compliance to the treatment.

Out of 1011 cancer cases, 10 lacked relevant data and hence
only 1001 cases were analysed in this study. The cancer
cases were categorized into groups, based on the site of
lesion: brain, head and neck, breast, lung, cervix,
gastrointestinal tract (GIT), hepatobiliary, urogenital, and
gynaecological cancers. Head and neck cancers included
cancers of oral cavity, tongue, oropharynx, larynx, buccal
mucosa, maxilla, paranasal sinuses, parotid glands and
nasopharyngeal carcinomas. Gynaecological cancers
included ovarian, uterine and vulvar/vaginal cancers. Cervix
cancer was categorized as a separate category due to its
high incidence. Cancers not falling into above mentioned
categories were put into ‘others’. Approval for the study
was obtained from the Institutional Research Ethical
Committee. Excel 2003, R 2.8.0, Statistical Package for the
Social Sciences (SPSS) for Windows Version 16.0 (SPSS Inc;
Chicago, IL, USA) and EPI Info 3.5.1 Windows version were
used for statistical modelling and prediction. Linear,
Logarithmic, Inverse, Quadratic, Cubic, Compound, Power,
Exponential, and Growth curve fitting models were tested.
F-test was used for selecting the best fitting curve for
hypothesis testing. P-value <0.05 (two sided) was taken as
statistically significant. Similarly, R’ value > 0.80 was taken
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significant for more precise prediction, where R? is the
correlation of the contribution of years (independent
variables) in predicting cancer cases (dependent variables)®.
The decision regarding the selection of a suitable prediction
approach is governed by the relative performance of the
models for monitoring and prediction. It should also
adequately interpret the phenomenon under study. The
Logarithmic model selected here was able to closely fit
curves for estimated and observed palliative intent cancer
cases (Fig 1, Fig 2). While building a model, the extremities
(maximums and minimums) play a crucial role. If the points
are scattered more, the curve tries to adjust with maximum
number of observed points. The Logarithmic model is
represented by the equation Y= my+ m; - log(x), where mgis
the constant term and m; is coefficient terms'®*. Without
the constant term, the equation of this model is Y=m, -

log(x).

Model validation

Residuals are used to validate the models. Minimum and
maximum residual values play important role in statistical
forecasting. The criterion to find out the best validated
model is one having least residual.

Results

Of 1001 cancer cases, 363 patients received radiotherapy
with palliative intent for their treatment during the study
period. 37% of all the palliative intent cancer cases were of
lung. Out of the total 209 lung cancer patients, 63.6%
received radiotherapy with palliative intent.

Table 1: Distribution of patients receiving palliative
radiotherapy according to the site of primary tumour

Palliative Confidence
cancer
Interval

cases
Brain 17 2 11.8 (0, 27)
Breast 70 14 20 (10.6,29.4)
Cervix 159 19 119 (6.9,17)
GIT 88 48 54.5 (44, 65)
Other 17 5 29.4 (7.8,51)
Gynaecological
malignancies
Head & Neck 242 25 10.3 (6.5, 14)
Hepatobiliary 4 3 75 (32.6, 100)
Lung 209 133 63.6 (57, 70)
Urogenital 57 32 56.1 (43.3,69)
Others 138 82 59.4 (51.2,67.6)
Total 1001 363 36.2 (33.3,39.2)

The number of patients receiving radiotherapy with
palliative intent showed a pattern of increasing trend. The
data were modelled using Curve Fitting method.

Table 2 depicts the model summary and parameter
estimates including the constant term for different models,
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when the constant term was included, the p values were
>0.05 in all the models, and none of the models were best
fitted.

Table 2 Model Summary and Parameter Estimates
including the constant term for different models

Model summary
R’ value | Pvalue

Linear 0.001 0.933
Logarithmic  0.069 0.494
Inverse 0.198 0.230
Quadratic 0.597 0.066
Cubic 0.664 0.116
Compound  0.017 0.737
Power 0.143 0.315
S 0.347 0.095
Growth 0.017 0.737
Exponential 0.017 0.737

Table 3 Model Summary and Parameter Estimates

excluding the constant term for different models

Model summary | Parameter Estimates

Mol R value [Pvalue| my | m; | m,
Linear 0.632 0.006 6.425
Logarithmic  0.727 0.002 24.614
Inverse 0.292 0.107 59.404
Quadratic 0.909 0.001 23.034 -2.34
Cubic 0.909 0.002 24.216 -2.76 0.033
Compound 0.782 0.001 1.756
Power 0.841 0.000 2.085
S 0.459 0.031 5.866
Growth 0.782 0.001 0.563
Exponential 0.782 0.001 0.563

After excluding the constant term, all curves (except for
inverse curve) fitted well with the data. Table 3 displays
model summary and parameter estimates excluding the
constant term for different models and Fig. 1 shows fitted
curves for observed palliative intent cancer cases. Excluding
the constant term from the equation, the Logarithmic
model was the best fitted with R* = 0.727, p = 0.002 for the
forecasting of cancer patients receiving palliative treatment.

The equation for the logarithmic model for Palliative cancer
cases is

Y=24.61 - log(x) --- (1)
Using the equation (1), Palliative cancer cases were
estimated. Table 4 shows the observed and estimated

number of Palliative cancer cases up to the year 2008, and
estimated number of cancer cases up to the year 2015.
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Figure 1 Fitted curves for observed palliative intent cancer
cases

Fitted curves for observed palliative intent cancer cases
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Table 4 Observed and estimated Palliative cancer cases

Year | Observed | Estimated

2000 9 =

2001 36 17
2002 48 27
2003 49 34
2004 85 40
2005 43 44
2006 48 48
2007 14 51
2008 31 54
2009 57
2010 59
2011 61
2012 63
2013 65
2014 67
2015 68

Model validation

Table 5 depicts the validation of all models. Negative values
show under forecasting and positive values show over
forecasting. Quadratic and cubic models have the least
residual values. Based on the mathematical equation, it is
the curve’s characteristic to fit in maximum observed
values. However, because of the scattered values and
influence of minimum and maximum, in this model it has
lead to the loss of its predictive nature as seen for 2009
where frequency reached zero (figure 1). Compound,
power, growth and exponential models have less mean
residual values but because of their high minimum and
maximum residual values, they have over forecasted. A
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similar finding is seen with S curve except that it has under
forecasted. Comparing the remaining two models (Linear
and logarithmic models), it has been found that logarithmic
model has high RZ, less p and residual values. Therefore, it is
the best fitted and validated model.

Table 5 Model Validation

Model Residual
Mean | Minimum | Maximum
Linear 8.21 -374 52.9
Logarithmic 532 -37.2 45.4
Inverse 2.17 -50.4 73.1
Quadratic -0.81 -20.6 28.3
Cubic -0.96 -20.4 28.7
Compound -0.35 -127.6 68.3
Power 3.08 -66.54 56.4
S -3.58 -343.8 81.8
Growth -0.35 -127.6 68.3
Exponential -0.35 -127.6 68.3

Figure 2 Year wise Estimated and Observed cases
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Discussion

Palliative radiotherapy plays a vital role in all comprehensive
palliative care programs. It has been estimated that
approximately one half of all radiotherapy is prescribed with
palliative intent. However, there is little information about
the use of palliative radiotherapy in routine practice at
population level™. In Manipal Teaching Hospital, 32.36% of
all cancer cases received palliative care during the time
period between 2000 and 2008. For the period of 2009-
2015, in our study it is forecasted that 440 (28.22%) cancer
patients would require palliative care out of the total
forecasted 1559 cancer cases’. In our study, Table 1 shows
that palliative radiotherapy can be used for numerous
malignancies and in many clinical situations which is
confirmed by published literature on the subject B nour
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study, we found that 37% of patients who received
palliative care had carcinoma lung and among the entire
number of lung cancer cases about 63.6% received palliative
radiotherapy. Starting palliative care early in the treatment
of patients with lung cancer can boost their quality of life
and survival®.

Modelling and Extrapolation: A plot is a grapbhical
representation of the collected data (independent and
dependent variables) involved in a study. The association
between these variables is then assessed by connecting the
‘points' with a line. Though very accurate, this association
cannot be relied upon to predict the future trend of this
data. Now a ‘model', which “fits best’ to the observed data
has to be worked out. This is then “fitted' and used to
replace the existing set of data points as ‘the appropriate
model'. After ‘'modelling' the observed data, this model can
be used to predict the future trends of the dependent
variable for a given change in the other. The foregoing
statement covertly mentions several requirements which
often ensure confident achievement in any subsequent
extrapolation from the model. The model selected must be
the most appropriate one for the collected data. A usable
and understandable curve-fitting method must be available
from which the model facts those are reflective of future
behaviour can be obtained”®*!. Using such a curve fitting
method, the number and trend of cancer cases receiving
palliative treatment at Manipal Teaching Hospital from the
year 2000 to 2015 were estimated. The statistical
estimations have been done using different approaches in
different situations. A regression equation based empirical
approach can be applied when incidence rates and mortality
data are available”. The decision regarding the selection of
a suitable prediction approach is governed by the relative
performance of the models for monitoring and prediction,
and the phenomenon under study should be adequately
interpretedB. In our study, the Logarithmic model was the
best fitted model for observed data of cancer cases
receiving palliative treatment (Fig 1). It may have over- or
under- estimated the trends at some points, though not in
all situations. A sudden annual decrease or increase in the
trend is possible, as the curve cannot exactly reproduce
these data points with its shape (Table 3). In this study, the
future annual estimated cancer cases for palliative
treatment (Table 3) shows an increasing trend after the year
2010. Such an increase might be likely as cancer incidence in
developing countries is expected to rise principally due to
the possible decline of mortality from infectious diseases,
improved healthcare, population growth and increasing life
expectancyz. The outcome of this study reiterates the
applicability of statistical modelling in predicting the future
trend of cancer patients seeking palliative care in the
Nepalese context.

While selecting the model with the highest R-squared is
tempting, it is not the recommended method. For instance,
a cubic model will always have a higher R-squared than a
quadratic model. The recommended method for selecting
the best model is by cross-validation. That is, to compare

Nepal Journal of Epidemiology 2010;1 (1):38-43
Copyright © 2010 INEA

Published online by NepJOL-INASP
www.nepjol.info/index.php/NJE

Statistical Modelling technique in Forecasting of Palliative Oncotherapy load in Hospitals

the predicted datasets obtained from each model with the
original data set available with simultaneous comparison of
the R-squares of the respective equations. Alternatively, the
determination may be made graphically by overlaying
sequence plots of both models for the observed
dataset®**>*®. This paper has described a novel method of
using the curve fitting method in number of cancer patients
requiring palliative treatment. The approach is simple to
understand and apply, and is capable of curve fitting a
whole range of different models. It also has the advantage
that several different models, for a given data series, can be
easily investigated, thus easing the model selection
dilemma.

Conclusion

Most low-income and middle-income countries have health
systems that are poorly prepared to grapple with the
double burden of infectious and non-communicable
diseases such as cancer. Poor economies cannot currently
access curative therapies, state-of-the-art surgery, or
expensive cancer drugs that are the mainstay of cancer care
in developed nations. The projections of this hospital data
show a continuously increasing trend in cancer patients
receiving palliative care. It can be anticipated that the
number of cancer patients requiring palliative treatment is
on the rise in Nepal. Thus, in the near future, there might be
a discrepancy between the requirement and the delivery of
health care for these patients. This matter has to be given
due consideration by the health authorities in order to
provide adequate palliative care facilities in the country and
enhance program planning and policy development.

What this study adds

The outcome of this study reiterates the applicability of
statistical modelling in predicting the future trend of cancer
patients seeking palliative care.
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