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Abstract

Background and objectives: Uptake of breast cancer screening has been decreasing in
England since 2007. However, the associated factors are unclear. On the other hand, survival
among breast cancer patients have recently increased. We conducted a quasi-experimental analysis
to test whether the trend-change in proportional incidence of non-screened cancers coincided with
that in five-year net-survival.

Methods: We extracted population-based proportional incidence and age-standardized five-year
net-survival data from Public Health England that included English women with invasive breast
cancer diagnosed during 1995-2011 (linked to death certificates, followed through 2016). Piece-
wise log-linear models with change-point/joinpoint were used to estimate temporal trends.
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Results: Among 254,063 women in England with invasive breast cancer diagnosed during 1995-
2011, there was downward-to-upward trend-change in proportional incidence of non-screened
breast cancers (annual percent change [APC]=5.6 after 2007 versus APC=-3.5 before 2007,
p<0.001) in diagnosis-year 2007, when a steeper upward-trend in age-standardized five-year

net survival started (APC=5.7 after 2007/2008 versus APC=0.3 before 2007/2008, p<0.001).
Net-survival difference of screened versus non-screened cancers also significantly narrowed (18%
in 2007/2008 versus 5% in 2011). Similar associations were found in all strata of race, cancer
stage, grade, and histology, except in Black patients or patients with stage I, stage Ill, or grade |
cancer.

Conclusions: There was a downward-to-upward trend-change in proportional incidence of non-
screened breast cancers in 2007 that coincided with a steeper upward-trend in age-standardized
five-year net survival among English women in 2007. Survival benefits of breast cancer screening
decreased during 2007-2011. The data support reduction of breast cancer screening in some
patients, but future validation studies are warranted.

Keywords

Breast cancer; Screening; Net survival; Trends; Incidence

Introduction

Cancer screening is adopted widely for breast cancer prevention and control.! However, the
use of breast cancer screening has been decreasing among women in England since 2007,
from 73.2% among women aged 50-70 years in 2007—2008 to 70.5% in 2017-2018.2:3
Given the widely accepted benefits of cancer screening in 2009 and 2012, a decrease

in screening may increase the proportional incidence of non-screened breast cancers and
suppress improvement of patient survival. However, the long-term trends in proportional
incidence of screened and non-screened breast cancers are largely unknown, despite an
overall upward trend of breast cancer incidence in England.5’

The benefits and harms of breast cancer screening are controversial, although the benefits
appear to outweigh the harms.>8-11 Thus, the recent decrease in breast cancer screening in
England may be linked to different changes in breast cancer survival of non-screened and
screened patients. However, the trends in net survival of screened and non-screened invasive
breast cancers are unclear among women in England, while the overall net survival of
patients has increased 2007-2011.8.7 A similar upward trend in survival of breast cancer was
also observed in U.S. women.12 Therefore, using data from Public Health England (PHE),
we estimated five-year net survival trends of the breast cancers diagnosed during 1995-
2011. We also conducted a quasi-experimental analysis to examine whether the trend-change
in proportional incidence of non-screened invasive breast cancers is associated with the
trend-change in age-standardized five-year net survival of these cancers among women in
England. Subgroup analyses by cancer stage, histology, cancer grade, and patient race were
also performed. This quasi-experimental analysis may help better understand the benefits of
breast cancer screening during 1995-2011.
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Methods and materials

We requested the aggregated data of proportional incidence and age-standardized five-year
net survival of invasive breast cancers by various factors, which were prepared for and
calculated using Stata (version 15, StataCorp LLC, TX, USA), and released by the National
Cancer Registration and Analysis Service within PHE.®13 The database has been used

to study breast, pediatric, and colorectal cancers.14-16 Invasive breast cancer was defined
according to the International Classification of Diseases 10th Revision (ICD-10) and by
morphology and behavior codes in the International Classification of Diseases for Oncology,
Second Edition (ICD-0-2). Screened cancers were defined as invasive breast cancers in the
PHE database that were detected during a breast cancer screening on an English woman.
Non-screened cancers were defined as invasive breast cancers in the PHE database that
were not detected during a breast cancer screening on an English woman. The breast cancer
patients with no breast screening information were excluded. The net survival is a ratio
calculated by dividing the overall/observed survival of breast cancer patients over that of the
general population using the Pohar-Perme estimator.1” The overall/observed survivals were
estimated using the latest death certificate data that contained the vital status of the subjects
in 2016. Thus, the last follow-up date was the end of 2016. The net survival used here

was adjusted for the survival of breast cancer patients with that of the general population
using an updated, smoothed life table.18 Age-standardization was performed using the
International Cancer Survival Standard age-weightings.® We included all qualified invasive
breast cancers (site and morphology, Primary site-labeled: breast) in England diagnosed
during 1995-2011 (released in February 2019). The exclusion criteria were as follows: death
certificate only, autopsy only, or alive with no survival time; exclusion to match the expected
survival table with regards to age value not found in the table, invalid year, and values not
found for other variables. Since we used an existing, deidentified, publicly available dataset,
no Institutional Review Board review was required for the study.

We classified the cancer stage using a tumor, node, and metastasis (TNM)-based staging
system defined by Cancer Research UK.20 Cancer histology was classified and categorized
using the ICD-0-2,21 according to the pathology diagnosis in medical charts. We

grouped the tumors into invasive ductal carcinoma (IDC, ICD-0-2 8500/3), invasive
lobular carcinoma (ILC, ICD-0-2 8520/3), mixed invasive ductal and lobular carcinoma
(MDLC, ICD-0-2 8522/3), and non-ductal non-lobular carcinomas (all other codes) for the
primary analyses. We stratified the proportional incidence and age-standardized five-year
net-survivals by diagnosis year, race, histology, cancer stage, and cancer grade among
women with screened or non-screened breast cancer. We calculated proportional incidence
using stratum’s incident case number divided by the number of all strata’s incident cases.

Statistical analysis

In the quasi-experimental analysis, we identified and compared the changing points of the
trends in proportional incidence and age-standardized five-year net survival, respectively,
using piece-wise log-linear models in the Joinpoint program (\Version 4.6.0.0., Statistical
Research and Applications Branch, National Cancer Institute, Bethesda, MD, USA).22:23
We employed the following setups for analyses: standard errors (provided) option for

J Clin Transl Pathol. Author manuscript; available in PMC 2022 April 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wu et al.

Results

Page 4

Heteroscedastic Errors Option (Weighted Least Squares); grid search method with 2 as the
minimal number of observations from a joinpoint to either end of the data (excluding the
first or last joinpoint if it fell on an observation), and the minimal number of observations
between two joinpoints (excluding any joinpoint if it fell on an observation).22:24 The
model selection for the best-fit joinpoint was based on permutation tests with an overall
significance level at 0.05. We also compared the trends/slopes among the strata using the
pairwise comparison function of the Joinpoint program.24 On very rare occasions (< 1%),
age-standardized net-survivals were unavailable due to missing data, and those data points
were omitted in the analysis. All pvalues were 2-sided, and were considered statistically
significant when <0.05.

Trends in the proportional incidence of invasive breast cancer among women in England
diagnosed during 1995-2011

Among the 254,063 women in England with invasive breast cancer diagnosed during
1995-2011 (183,018 [72.0%)] IDC; 30,323 [11.9%] ILC; 9,324 [3.7%] MDLC; and 31,398
[12.4%] others), 122,870 (48.8%) were screened cancers overall (Table 1). The proportional
incidence of screened breast cancer (versus non-screened) was significantly different by
diagnosis year, race, histology, stage, and tumor grade (Table 1). We found a joinpoint in
the proportional incidence of non-screened breast cancer in 2007, which differed before
and after the jointpoint year by histology, stage, and cancer grade, but not race (Table 2).
Compared with grade 1, grades 2 and 3 had different trend-changes. Compared with stage
1, stages 2, 3, and 4 also had different trend-changes. Interestingly, other types of invasive
breast cancers had trend-changes different from those of ILC (0parasfesisn=0-005), while
IDC and MDLC did not. The same joinpoint of 2007 was also identified in the trend of
proportional incidence of non-screened breast cancer (Fig. 1). The APC was -3.5 (4.2 to
—2.8) during 1995-2007 and 5.6 (2.2 to 9.1) during 2007-2011, respectively (p<0.001).

Trends in the age-standardized five-year net-survival of screened and non-screened breast
cancers diagnosed among women in England during 1995-2011 (followed through 2016)

The age-standardized five-year net survival of screened cancer was higher than that of
non-screened cancer, while the difference significantly decreased for the cancers diagnosed
during 2007-2011 (19% difference for cancers diagnosed in 1995 versus 18% and 5% for
those diagnosed in 2007/2008 and 2011, respectively, Oparasferism <0.001; Table 3). The age-
standardized five-year net survival of screened cancer showed a downward trend in other
types of screened breast cancers diagnosed during 2006-2011 (APC=-2.5 [-5.0 to 0.0]), but
an upward trend in that of non-screened breast cancers (APC=5.2 [3.8 to 6.7]). Moreover,
all strata of race, stage, grade, and subtypes of breast cancer showed different trends or
trend-changes of screened and non-screened cancers. There were upward trends in the age-
standardized five-year net-survival of screened and non-screened breast cancers diagnosed
among women in England, while a steeper upward trend was seen for the cancers diagnosed
after 2007/2008 (2007 and 2008 had the same survivals; Fig. 1). This joinpoint appeared

to coincide with the joinpoint of proportional incidence of non-screened breast cancers.

For both screened and non-screened breast cancers, the trends of age-standardized five-year
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net-survival differed by race, histology, stage, and tumor grade (Table 3). Compared with
screened breast cancers, non-screened breast cancers also showed different trends in the
age-standardized five-year net-survival by these factors, although some strata did not show
a trend difference, such as White race and stage 2 cancer (Oparaffesisn7=0-454 and 0.053,
respectively; Table 3).

Discussion

Among the 254,063 women in England with invasive breast cancer diagnosed during
1995-2011, the proportional incidence of non-screened invasive breast cancer had a
downward trend in the cases diagnosed during 1995-2007, but an upward trend in those
diagnosed during 2007-2011. Interestingly, the trend-changes in proportional incidence of
non-screened invasive breast cancer differed by histology, cancer stage, and grade, but

not by race. The difference in age-standardized five-year net survival of screened versus
non-screened cancers significantly decreased for cancers diagnosed during 2007-2011.

The downward-to-upward trend-change in proportional incidence of non-screened breast
cancers in 2007 coincided with a steeper upward trend in age-standardized five-year net
survival of non-screened invasive breast cancer, suggesting a possible association of the two
trend-changes. Similar associations were found in all strata of race, cancer stage, cancer
grade, and histology. The associations slightly differed by cancer characteristics and patient
race. However, the age-standardized five-year net survival of non-screened breast cancers
remained lower compared to screened cancers during 1995-2011.

We provide early evidence on the 16-year trend of proportional incidence of screened and
non-screened breast cancers among women in England. In contrast to our finding, a world-
wide population study showed no decrease in incidence of advanced breast cancer following
sustained implementation of breast cancer screening from the 1980s to the 2000s, including
no significant trends in Scotland.? Those findings may have been influenced by a lack of
piece-wise linear modelling recommended by Centers for Diseases Control and Prevention
guidelines,2526 no data after 2007, and differences between Scotland and England. The
study on Scottish women also primarily defines advanced breast cancer by cancer size,
whereas we used clinical cancer staging, which is more widely used and adopted by PHE.8
The proportional incidence used here was adjusted for incidence of all breast cancers, and
in our view is more reliable than unadjusted incidence. We showed a downward trend in
the proportional incidence of early-stage screened breast cancer since the beginning of the
decrease in use of breast cancer screening in 2007. Thus, it is possible that the recent
decrease in screening is associated with a decrease in proportional incidence of early-stage
breast cancer and increase in that of late-stage breast cancer.

The quasi-experimental analysis reveals a novel association of trend-changes in proportional
incidence of non-screened breast cancers with trend-changes in the five-year net survival

of non-screened breast cancers. Despite the increase in proportional incidence of advanced
non-screened breast cancers, our data show that a downward-to-upward trend-change in
proportional incidence of non-screened breast cancers coincided with a steeper upward
trend in net survival of non-screened breast cancers after 2007. This finding is somewhat
surprising, but consistent with an upward survival trend in England and the US.”12.27 This
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indicates that breast cancer screening in England may not be as beneficial as previously
reported.%10.28 More studies are needed to explain the novel association. Given the decrease
in screening rate in the US,29:30 it would be of interest to investigate whether the decrease in
breast cancer screening is associated with an upward trend in relative/net survival in the US.
Unfortunately, no US population data are available on screened versus non-screened breast
cancers.

We also explored the factors associated with increasing proportional incidence and age-
standardized five-year net survival of non-screened breast cancers, respectively, as well

as the factors linked to these trend-changes. First, we show a steeper upward trend in
age-standardized five-year net survival in all strata of race, cancer stage, grade, and
histology among patients with non-screened breast cancers after 2007. Therefore, the
overall increasing survival of breast cancer patients, as reported before,”12.27 appears
disproportionally linked to the non-screened breast cancers of advanced stage, higher grade,
and common histologic types. Second, we found downward trends in age-standardized
five-year net survival of some screened cancers, which were grade | and other histologic
types. The downward trend in these screened breast cancers is concerning and warrants more
investigation, but the finding is consistent with a worse overall survival of other/uncommon
type of breast cancers in the US.12:31 Third, Black patients in this study did not appear to
have an increasing proportional incidence of non-screened breast cancers, nor (subsequent)
a steeper upward trend in net survival after 2007. However, the role of socioeconomic
disparity/inequality in the screening use and survival of breast cancer remains controversial
for English patients, including studies of supportive32-35 and undermined conclusions.36:37
More research is required to understand the role of socioeconomic disparity. Finally, the
trend-changes in proportional incidence and age-standardized five-year net survival of non-
screened breast cancers coincided in the year of 2007, as shown by our quasi-experimental
analysis. The underlying cause may be the increasing use of adjuvant trastuzumab

therapy for human epidermal growth factor receptor 2 (HER2)-positive breast cancer after
trastuzumab’s approval by the US Food and Drug Administration in November 2006.38:39
The 2006 approval expanded the indication of trastuzumab from metastatic breast cancers
to primary breast cancers. Indeed, HER2 has since become a critical prognostic factor and
treatment target of breast cancer.12:31.4041 \We also showed similar, or identical in some
cases, five-year net survivals of non-screened and screened invasive breast cancers, that may
indirectly support and promote reduction of breast cancer screening in some populations.
However, additional studies are required to evaluate the risk and benefits of reducing breast
cancer screening in some patients.

This study has several strengths. Age-standardization is critical for long-term trend
analysis.26:4243 Our findings on age-standardized net survival are consistent with the recent
data of net survival of invasive and /n-situ breast cancers reported by PHE.5 Moreover,

we used the most updated life tables for computing net survivals, which were levied on

the recent methodological changes and advantages.1® Specifically, the updated life tables
have better coding, enhancement to inclusion and cohort-selection criteria, and correction
to capturing dates of death. In addition, subgroup analyses by race, histology, stage, and
grade help better understand trends among the strata of these variables. However, future
multi-variable studies are needed to adjust for these variables if possible. Furthermore, this
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population-based, large-scale study had sufficient statistical power and few biases, despite its
limitations. Finally, the quasi-experimental design, although not as rigorous as randomized
clinical trials, provides solid evidence on the association of trend-changes in non-screened
breast cancer proportional incidence with those in their net survivals.

This study has several limitations. First, survival analysis on the effects of cancer screening
may have resulted in lead-time and length-time biases. However, this quasi-experimental
analysis was focused on the association of trend-changes in the proportional incidence and
net survival of non-screened breast cancers and should be less susceptible to these biases.
Moreover, given additional survival benefits of screened cancers linked to these biases, the
decrease in net-survival benefits of screened cancers would be more profound should these
biases be eliminated. Second, several prognostic factors of breast cancer and socioeconomic
factors were not available for analysis, including statuses of estrogen and progesterone
receptors and patient income levels. Third, age was not analyzed as an exposure. Our
reasoning is that, given age-standardized data, the influence of age on the trend analysis
would be minimal, if even present. Fourth, due to the minimal follow-up time of 5 years for
five-year survival, we could not analyze the trends after the publication of 2012 independent
review on breast cancer screening;* although no immediate post-publication changes in the
uptake of breast cancer screening were identified in the U.K.#4 Finally, some cases might
be misclassified histologically or clinically, although the cancer database has been widely
used, 151642 and rigorously scrutinized for quality assurance.®

Conclusions
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PHE Public Health England
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Fig. 1. Trends in proportion and age-standardized five-year net survival of screened and
non-screened breast cancers diagnosed during 1995-2011 among women in England (followed
through 2016).

There was a downward trend in the proportional incident of non-screened breast cancers
(red crosses; annual percentage change [APC], 95% confidence intervals [CI]=—3.5 (-4.2
to —2.8), p<0.001) during the diagnosis years of 1995-2007, followed by an upward trend
after 2007 (APC, 95% CI=5.6 (2.2 to 9.1), £=0.003). Screened breast cancers had an upward
trend in age-standardized five-year net-survival (blue squares; APC, 95% CI=0.4 (1.0 to
2.9), p=0.01), while non-screened breast cancers had an upward trend during the diagnosis
years of 1995-2008 (yellow circles; APC, 95% CI=0.6 [1.0 to 3.1], £=0.009), followed

by an even steeper upward trend after 2008 (APC, 95% CI=7.1 [1.0 to 9.2], p<0.001).
Dots show individual data points; lines show piece-wise log-linear trends of the best-fit
model that were identified using the Joinpoint program. The jointpoint of the trends in the
proportion of cancers and in the age-standardized five-year net-survival were similar (2007
and 2008, respectively) among women with non-screened invasive breast cancers.
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