A Worrisome Explosion: Time Series Analysis of Kidney Cancer Incidence in the United States
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Main Results

• Over 505,000 people in the USA are suffering from kidney & renal pelvis
cancer. About 65,000 new cases estimated to be diagnosed in 2018
(representing 3.8% of all new cancer cases; more than the cancers of ovary,
esophagus, bone and joint, and Hodgkin Lymphoma combined.).
• Kidney and renal pelvis cancer poses a major public health challenge.
Between 1975-2015, the incidence of kidney and renal pelvis cancer more
than doubled from 7.1 to 15.7 per 100,000 population.
• Estimates of death due to kidney and renal pelvis cancer in 2018: 14,970
(2.5% of all cancer deaths and significantly more than other cancer related
deaths from Hodgkin Lymphoma (1050), Thyroid (2060), Bone and Joint
(1590), Stomach (10,800), Melanoma of the skin (9320), Uterus (11,350),
etc.)
• 5-year survival rate (considering 2008-2014 data): 74.5%.
• Based on 2013-15 data, approximately 1.7% of men and women will be
diagnosed with kidney and pelvis cancer at some point during their
lifetimes. 2011-16 incidence of kidney and renal pelvis cancer (15.9 per
100,000 population is significantly more than that of leukemia (13.8),
pancreas (12.6), ovary (11.6), myeloma (6.7) etc.

• Although the incidence of kidney and pelvis cancer
increased significantly between 1975 and 2015, death (per
100,000 population) did not increase significantly during the
same time frame. (3.6 in 1975 to 3.8 in 2015.) Also,
modeled trend for 5-year survival increased significantly
during the same time frame. (48.3% in 1975 to 77.24% in
2015.)
• Augmented Dickey Fuller tests rejected stationarity of the
incidence data for lag lengths 1, 3, and 5. This points to the
presence of strong non-stationarity in longitudinal
incidence in kidney and renal pelvis cancer. In other words,
the rise in the incidence of kidney and renal pelvis cancer
between 1975-2015 is statistically significant and this nonstationarity hold even after controlling for trend, and
random walk (with or without drift.)
• Table 1 presents the key statistics for ADF tests done from
lags 1, 3, and 5. In all cases, we cannot reject that null
hypothesis that the incidence data exhibits unit root. (In
other words, the time series is non-stationary pointing to an
explosive growth in the incidence of kidney and renal pelvis
cancer between 1975 and 2015.)

Study Strategy & Challenges
• Annual time series data covering 1975-2015 is collected from
Surveillance, Epidemiology, and End Results Program (SEER) database.
• Level and smoothed (moving average, 3-year and 5-year) time series
are obtained for the incidence data (per 100,000 population).
• Basic data is also tracked for the death and 5-year survival statistics
SEER – 9 (NCI) for the 1975-2015 time frame.
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The incidence has more than doubled in the last half century. Current
evidence does not support any immediate possibility of reversal in
that increasing trend. This is because the data seems to nonstationary (increasing rapidly with a statistically significant trend)
pointing towards a larger incidence of kidney and renal pelvis cancer
in coming years.

Results point to strong need for urgent interventions and robust public
health awareness campaigns aimed at slowing or perhaps reversing
the explosive trend in kidney and renal pelvis cancer incidence.
Kidney Cancer Incidence Autocorrelation
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While prevalence of kidney and renal pelvis cancer occupies a modest fraction
of public health discourse, increasing incidence of kidney cancer paints a grim
picture regarding the future of the disease in the USA. An epidemic may be
unfolding steadily without much attention to paid to the same.
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Analysis of 41 years (1975-2016) of kidney and renal pelvis cancer
incidence data strongly establishes that kidney and renal pelvis cancer
incidences have been increasing statistically significantly over time.

Rising incidence and slowing mortality (increasing survival rates) point
to increasing prevalence adding to the demand on healthcare systems.
This may have significant impact on the national healthcare costs.
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Policy Implications Possible Actions

Our analysis adds to the observations made by the NCI that kidney
cancer has been “rising on average 0.6% each year over the last 10
years. Death rates have been falling on average 0.7% each year over
2006-2015.”

Kidney Cancer Incidence Time Series Plots

• Several time series tests are
performed
to
assess
stationarity of the time
series of the incidence data
on kidney and pelvis cancer.
• Specifically,
Augmented
Dickey Fuller Tests (ADF
Tests) are performed using
the equation on the left.
Robustness is checked by
estimating the equation for
lag lengths of 1, 3, and 5)
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An increase in survival rates point to the success of treatment regimes but rise
in the incidence point to poor public health control aimed towards stopping
(preventing) the diseases. Aggressive screening mechanisms must be in place
to ensure that positive trend in incidence is arrested at the earliest
opportunity.

Bartlett's formula for MA(q) 95% confidence bands
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