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Introduction

Long-term survival following cancer treatment is a widely 
accepted metric used to evaluate the quality of cancer care 
and varies between hospitals (1-3). Long-term survival 
takes years to evaluate, and these metrics reflect care quality 
from many years prior. Long-term survival has unknown 
applicability as a quality measure to evaluate current 
performance. It is important to determine if the structural 
lag in measurement limits the value of long-term survival 
measures meaningless as a tool for assessing current hospital 
performance. The study assesses the stability of hospitals’ 
performance over time based on its cancer patients’ four-
year survival. We hypothesized that hospitals’ four-year 
mortality ratio would be consistent over time, implying that 
patients could use such information when deciding where 
to get care. Additionally, since decades of research have 
demonstrated a relationship between higher surgical volume 
and better outcomes for hospitals, we set out to explore 
consistency by hospital volume (1,4). 

Methods

Data sources 

Medicare Fee-for-Service (FFS) 100% Research Identifiable 
Files were used. We assigned each patient to a single 
hospital using claims for cancer-related healthcare 
encounters (i.e., the same eligible claims used to assign 
index date). 

Study sample

Patients treated with chemotherapy, radiotherapy, or surgery 
at an acute care or critical access hospital in 2006, 2011, 
2012, and 2013 (index years) were in the analysis and we 
obtained 4-year mortality ratios for each hospital in 2010, 
2015, 2016, and 2017 respectively (data available from our 
previous studies (3-5). Hospitals were identified across index 
years via the Centers for Medicare and Medicaid Services 
Certification Numbers. Hospitals were excluded if they could 
not be matched across years or had fewer than 50 Medicare 
FFS patients with cancer treatment in any index year or were 
a psychiatric, rehabilitation, children’s psychiatric, acute 
long-term care hospital, alcoholism and other chemical 
dependency, and children’s acute long-term care hospital. 

Hospitals were then divided into quartiles based on their 
total FFS Medicare patient volume combined across index 
years. As per prior work, Medicare FFS beneficiaries were 
included if they initiated cancer treatment or management 
of recurrent disease in the index year indicated by an 
absence of claims for cancer in the previous year (3-6). 

Statistical analyses

For each hospital in each index year, a four-year risk-
adjusted mortality ratio was calculated. Ratios were 
determined by dividing the observed number of deaths by 
an expected number of deaths, using previously described 
methods (3) In brief, the 3M Clinical Risk Group (CRG) 
risk adjustment model (7) in combination with adjustments 
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for age and median income level of the zip code of residence 
served to adjust for differences in patient severity and 
demographics. A risk-adjusted mortality ratio below one 
indicates that a hospital performed better than expected, 
whereas a ratio greater than one means a hospital had 
higher mortality than what was expected. 

We compared four-year risk-adjusted mortality ratios for 
each hospital between pairs of index years. For example, we 
compared hospitals’ outcomes based on index years 2006 
and 2011 which reflects a five-year measurement time gap. 
We conducted separate analyses for each pairing of index 
years with different time gaps. The time gaps included 
index years separated by one, two, five, six, and seven years. 
Mortality ratios were averaged for the two comparisons 
with a one-year gap (2011 to 2012; and 2012 to 2013).

We calculated Pearson correlations to assess if estimates 
of the hospitals’ outcomes based on the two index years 
were related. We ran separate Pearson correlations for each 
pair of index years tested, which reflected the different time 
gaps (e.g., one-year gap, five-year gap). We also stratified 
these analyses by hospital volume. 

The study was considered exempt research by the 
Memorial Sloan Kettering Cancer Center Institutional 
Review Board and CMS granted data use approval. R 
software version 3.5.1 was used for analyses.

 

Results

There were 1,640 hospitals and more than 350,000 FFS 

Medicare patients in each index year. Hospitals’ four-
year risk-adjusted mortality ratios ranged from 0.60 to 
1.44 in 2006. 

Figure 1 shows correlation statistics for hospitals’ 
four-year mortality ratio in relation to the number of 
years elapsed between measurement period stratified by 
hospital volume. The highest volume hospitals (defined as  
335 Medicare patients or more) have higher correlations 
compared to the other hospital categories. The plot 
also shows that the longer the elapsed time between 
measurement periods, the lower the correlation irrespective 
of hospital volume. 

Discussion

We found that four-year risk-adjusted mortality ratios of 
cancer patients are reasonably consistent for larger volumes 
of FFS Medicare patients, but less so for hospitals with 
lower volumes. Among higher volume hospitals (defined as 
335 Medicare patients or more), long-term mortality could 
be added to the list cancer care quality metrics (8,9). and 
be a useful metric for patients’ when selecting hospital for 
cancer care.

The proximity in the time of the measurement periods 
should have no effect on how strongly correlated outcomes 
were between two measurement periods if they varied by 
chance. It is unknown if higher volume hospitals have more 
consistent outcomes over time because their performance 
is more consistent or because the sample size required 
by our inclusion criteria may reduce random variability. 
Related research has shown that higher volume hospitals 
have superior survival outcomes compared to lower 
volume hospitals (1,2). However, the relationship between 
consistency and superior outcomes is not well defined, and 
further research is needed to assess this relationship. It 
would help to determine if higher volume hospitals have 
superior and more consistent outcomes compared to lower 
volume hospitals. 

Consistency in longer term outcomes for lower and 
medium sized hospitals was less conclusive in this analysis. It 
is known that obtaining reliable outcome measurements for 
lower volume hospitals has been an issue in assessing quality 
measurements (10). Therefore, it is hard to determine if the 
lack of consistency for lower and medium sized hospitals is 
related to the difficulty of obtaining reliable measurements 
(statistical variation) or they simply have less consistent 
outcomes (performance variation). 
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Figure 1  Pearson correlation statistics for four-year risk-adjusted 
mortality ratios between measurement periods, by time between 
measurement periods, stratified by hospitals’ total Fee-for-Service 
(FFS) Medicare volume. Hospitals were stratified into quartiles by 
volume. **, data were not available to test three- and four-year gap.
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