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ABSTRACT

Background. Measures taken to address the COVID-19
pandemic interrupted routine diagnosis and care for breast
cancer. The aim of this study was to characterize the effects
of the pandemic on breast cancer care in a statewide cohort.
Patients and Methods. Using data from a large health
information exchange, we retrospectively analyzed the
timing of breast cancer screening, and identified a cohort of
newly diagnosed patients with any stage of breast cancer to
further access the information available about their surgical
treatments. We compared data for four subgroups: pre-
lockdown (preLD) 25 March to 16 June 2019; lockdown
(LD) 23 March to 3 May 2020; reopening (RO) 4 May to
14 June 2020; and post-lockdown (postLD) 22 March to 13
June 2021.

Results. During LD and RO, screening mammograms in
the cohort decreased by 96.3% and 36.2%, respectively.
The overall breast cancer diagnosis and surgery volumes
decreased up to 38.7%, and the median time to surgery was
prolonged from 1.5 months to 2.4 for LD and 1.8 months
for RO. Interestingly, higher mean DCIS diagnosis (5.0 per
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week vs. 3.1 per week, p < 0.05) and surgery volume (14.8
vs. 10.5, p < 0.05) were found for postLD compared with
preLD, while median time to surgery was shorter (1.2
months vs. 1.5 months, p < 0.0001). However, the postLD
average weekly screening and diagnostic mammogram did
not fully recover to preLD levels (2055.3 vs. 2326.2, p <
0.05; 574.2 vs. 624.1, p < 0.05).

Conclusions. Breast cancer diagnosis and treatment pat-
terns were interrupted during the lockdown and still altered
1 year after. Screening in primary care should be expanded
to mitigate possible longer-term effects of these
interruptions.

After Indiana’s first case of coronavirus disease 2019
(COVID-19) was confirmed on 6 March 2020, a public
health emergency was declared by the Indiana State
Department of Health."*> With the pandemic’s rapid pro-
gression, a stay-at-home order (“lockdown”) was enforced
from 25 March to 1 May 2020 (38 days) together with
mitigation strategies including limiting large gatherings
and taking social distancing measures recommended by the
US Centers for Disease Control and Prevention and the
Indiana State Department of Health. To respond to the
pandemic’s unprecedented demands on health care, health
care routines including cancer care were disrupted in many
ways. Health care systems needed to deploy staff and
capacity away from non-emergency services, such as breast
cancer screening and diagnosis; and, to make beds and
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services available for patients with COVID-19, the federal
government asked hospitals to limit non-essential, elective
adult surgeries and procedures during lockdowns.’

Breast cancer is one of the most diagnosed cancers,
representing 30% of female cancers in the USA.* Screen-
ing, diagnosing, and treating breast cancer involve a series
of health services, including screening and diagnostic
mammograms, diagnosis consultation, surgery, and non-
surgical treatments. The timeliness of these services is
crucial in the cancer care continuum. Nowadays, breast
cancers are caught at earlier stages thanks to the wide
adoption of early screening. Ductal carcinoma in situ
(DCIS) and early-stage breast cancer (ESBC, stages I, IIA,
and IIB with T2N1) account for the largest part of all newly
diagnosed breast neoplastic lesions.”® For the majority of
patients with DCIS and ESBC who are hormone receptor
positive, HER-2 negative, surgery is the first definitive
treatment. The time waiting for surgery after diagnosis
(time to surgery) is another timeliness measure that is
significantly associated with overall survival and disease-
specific survival.””

During the pandemic lockdown, DCIS and ESBC
surgeries were not considered urgent, and thus many were
postponed. Many national and international professional
societies published recommendations and deferral strate-
gies to manage patients with breast cancer during the
pandemic.'®"® With an option of initiating neoadjuvant
endocrine therapy (NET; selective estrogen receptor mod-
ulators such as tamoxifen or aromatase inhibitors such as
anastrozole, letrozole, and exemestane) for DCIS and
hormone-receptor-positive (HR+) ESBC while awaiting
surgery and monitoring disease progression, recommen-
dations for the delay of surgery varied: 3—6 months by the
Society of Surgical Oncology'' and 6-12 months by the
American Society of Breast Surgeons and the COVID-19
Pandemic Breast Cancer Consortium.'®'? For the general
population, deferring routine screening for 6—12 months
until the pandemic subsided was deemed reasonable by the
COVID-19 Pandemic Breast Cancer Consortium. '’

However, disruptions to oncology services were repor-
ted to be a source of psychological stress for patients
diagnosed with breast cancer.' The stress was compounded
by concerns about poorer cancer outcomes from care
delays as well as poorer COVID-19 outcomes for patients
with an active cancer. To expand on previous findings
about the long-term consequences of delayed treatment and
the stress burden on patients with breast cancer,®>” 1418 it is
important to understand the actual course and extent of the
pandemic’s collateral damage on breast cancer diagnosis
and treatment. This understanding can help guide current
treatment of patients with breast cancer as well as helping
prepare the health care profession for potential future dis-
ruptions of care. Although delays in breast cancer

screening, diagnosis, and treatment have varied geograph-
ically given local situations and responses to COVID-19,
the experience of a large cohort in one area of the USA can
provide insights that will be broadly useful in breast cancer
care. The aim of this study was to analyze and quantify the
short-term effects of the COVID-19 pandemic on breast
cancer screening, diagnosis, surgery, and other treatment in
a cohort of patients in a large healthcare system.

PATIENTS AND METHODS

The Indiana Network for Patient Care (INPC), also
called Indiana Health Information Exchange, is one of the
largest health information exchanges in the USA, receiving
clinical data from over 100 separate healthcare entities in
Indiana and covering over 18 million patients. To examine
patient’s procedure and treatment, we narrowed down to a
subset of INPC patients that have their treatment files
accessible. The INPC cohort used for this study consisted
of patients newly diagnosed with breast cancer at any stage
between 1 January 2019 and 30 September 2021. As initial
criteria, we used one ICD-9 or ICD-10 code that represents
DCIS or invasive breast cancer. To be considered a true
breast cancer diagnosis, a repeated breast cancer ICD code
within 68 days is required, considering a 30-day window
accepted as a routine lag and the 38-day lockdown period.
Patients with their first breast cancer ICD codes in the
longitudinal data between 1 January 2019 and 30
September 2021 and with a second breast cancer ICD code
within 68 days were included. In addition, to provide
screening and diagnostic mammogram cohorts for com-
parison purposes, we ran a query of unique patients who
had an internal code in the INPC data between 1 January
2019 and 30 September 2021. Consistently with the lock-
down order, radiology scheduling administration restricted
screening mammograms at the end of March 2020 and then
started to resume this service at limited capacity (25%) at
the beginning of May. Thus, we identified four time peri-
ods to compare services delivered for the newly diagnosed
and mammogram cohorts: (1) lockdown (LD) from 23
March to 3 May 2020; (2) reopening (RO) from 4 May to
14 June 2020; and the corresponding periods a year before
and after: (3) pre-lockdown (preLLD) from 25 March to 16
June 2019 and (4) post-lockdown (postLD) from 22 March
to 13 June 2021 (Fig. 1).

We then reviewed data for the newly diagnosed cohort
patients who had surgeries (mastectomy or lumpectomy)
after the diagnosis date (defined as the date of their first
breast cancer ICD code). The diagnosis date was also used
to stratify the newly diagnosed cohort into LD, RO, preLD,
and postLD subgroups for analysis. Kaplan—Meier survival
curves were used to estimate the median time to surgery
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FIG. 1 Flow diagram of the cohort selection process

and 95% confidence interval. Time to surgery was defined
as the interval between diagnosis date and first breast
cancer surgery date. Log-rank test was used to compare
potential delays of time to surgery in the four subgroups.
Categorical variables were summarized by frequency and
percentage; continuous variables were summarized by
median, lower quartile, and upper quartile. Comparisons
between the four subgroups were made by using chi-square
test or Fisher’s exact test for the exact test for categorical
variables and Kruskal-Wallis test for continuous variables.
We took a few additional steps to expand understanding of
the cohort characteristics. To look for patients’ preliminary
staging characteristics at their initial diagnosis, we used an
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in-house natural language processing tool dedicated to
cancer stage and found their first cancer stage after their
diagnosis date to record.

The statuses of estrogen receptor, human epidermal
growth factor receptor 2, and triple-negative breast cancer
were extracted from the unstructured data in the database.
These unstructured characteristics were not manually val-
idated after the machine capture. Nonsurgery breast cancer
treatment after diagnosis was also reported; this included
endocrine therapy (anastrozole, tamoxifen, letrozole, and
exemestane), chemotherapy, and radiation therapy. The
neoadjuvant and adjuvant status of the nonsurgery
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treatment was inferred by comparing surgery date and
nonsurgery treatment date, and the patients with incom-
plete dates were reported as “Others.”

All data used in this study were de-identified and met
the criteria for exempt review by the Indiana University
Institutional Review Board (IRB 2004400414). All statis-
tical analyses were conducted using SAS v9.4 (Cary, NC),
and RStudio (Version 1.1.463) was used to do the line plots
(ggplot2 package); p < 0.05 was considered statistically
significant.

RESULTS
Newly Diagnosed Breast Cancer Cohort

From 1 January 2019, to 30 September 2021, a total of
2681 patients were newly diagnosed with breast cancers.
Of these, 240 were diagnosed in the pre-lockdown (preLD)
period, 79 and 68 were in the lockdown (LD) and
reopening (RO) periods, and 264 were in the post-lock-
down (postLD) group (Table 1). The median age was 62.0
years [51.0-70.0 (25th—75th percentile)]. The racial dis-
tribution in each period was not statistically different from
the overall cohort, with white making up 83.3%, Black
11.14%, and Asian 1.88%. In this cohort, 83.23% were
identified as estrogen-receptor positive, and 15.63% were
triple-negative breast cancers. A higher proportion of the
newly diagnosed patients in the LD group than in the other
groups was identified as having triple-negative breast
cancers (31.65%, p = 0.0017). Of these patients, 222
(8.28%), 1080 (40.28%), 372 (13.88%), 290 (10.82%), and
136 (5.07%) were identified as having stage 0, I, II, III, and
IV at diagnosis, respectively; stage information for 581
(21.67%) remained undetected by algorithm. Also, 968
(36.11%) did not have a surgery captured within the
healthcare system, while 1223 (45.62%) and 490 (18.28%)
underwent breast-conserving surgery (BCS) and mastec-
tomy, respectively.

Screening Mammogram, Diagnostic Mammogram,
Diagnosis, and Surgery Trends

In Fig. 2, over 21,000 fewer patients received a
screening mammogram in 2020 compared with 2019
(103,310 vs. 124,647) in the entire INPC health informa-
tion exchange. Weekly screening mammograms continued
to be lower in the postLD than the preLD. Roughly 3000
fewer patients received a screening mammogram between
1 January and 30 September 2021, compared with the same
time of 2019 (89,419 vs. 92,481). Interestingly, in the final
12 weeks of 2021 captured in this study (14 June to 5
September), the number of screening mammograms

returned to the preLD level with an average of 2413
patients per week, compared with an average of 2397
patients per week in 2019.

As summarized in Table 2, the average weekly numbers
of screening and diagnostic mammograms (standard devi-
ation) in preLD were 2326.2 (183.0) and 624.1 (67.7),
respectively, compared with 87.2 (37.2) and 195.2 (65.2) in
LD, 1484.7 (565.6) and 437.2 (88.3) in RO, and 2055.3
(149.5) and 574.2 (41.4) in postLD. In the newly diagnosed
cohort, there were 20.0 (5.4) new breast cancer diagnoses
per week in preLD compared with 13.2 (4.0) in LD, 11.3
(3.4) in RO, and 22.0 (6.5) in postLD. The postLD sub-
group had a statistically higher number and percentage of
DCIS diagnoses than the other subgroups with 5.0 (1.9)
diagnoses per week, constituting 23.9% (10.0%) of all
breast cancer diagnoses. Also, there were more surgeries
per week in the postLD newly diagnosed group compared
with the LD and RO subgroups, with 14.8 (6.1) surgeries
per week compared with 7.7 (4.4) and 7.8 (3.0), respec-
tively. While significantly more patients received a breast
cancer surgery in postLD (14.8 patients per week) than in
preLD (10.5 patients per week), there were two fewer
surgeons (17 vs. 19) who performed a breast cancer surgery
in postLD. The average surgeries each of those surgeons
performed during the 6-week windows in preLD and
postLD were 7.2 (7.2) versus 11.9 (13.2), not a significant
difference (p = 0.5631).

Time to Surgery

We also evaluated the time to surgery (TTS) for all
subgroups of the newly diagnosed cohort patients who
received a surgery in the health system. Compared with the
TTS in preLD (1.2-1.8 months, 95% CI), the ranges of
TTS during LD (1.6-5.3) and DO (1.1-4.6) were wider
(Fig. 3). Interestingly, the postLD subgroup had a signifi-
cantly shorter TTS than the preLD subgroup (p < 0.0001).
At month 2 after diagnosis, 41.3% of patients in preLD
were still actively seeking care without a recorded surgery,
compared with 29.2% in postLD. The median TTS for
DCIS patients did not fluctuate significantly among the
subgroups (p > 0.05).

DISCUSSION

As a routine preventive care service, the volume of
screening mammograms in our study decreased dramati-
cally during the LD by 96.6%. The remainder of patients
with underlying breast cancers presented with symptoms
and received a diagnosis, prompting an in-person evalua-
tion, physical examination, and diagnostic mammogram.
Though radiology services were allowed to gradually



2887

Breast Cancer Screening, Diagnosis, ...

(9%19°01) 8¢

(%1L'8S) SS1

(%62°01) L

(BILYY) vy

(%TS10) L1

(%LE6Y) 6€

(%ST11) LT

(%L9°19) 871

(%Y1 6L

(%6T°65)
98¢

(%S50°C1) €ce

(%¥9°8S) TLST

AATISO{ -

EINIEREING
sme)s

0€ST0 7-101dooar 10108} IMmoi3 [ewropide uewngy
(%ET0D) LT (%8191 11 (%T6'€D 11 (%TrSD LE  (BITED) 98 (%18°%1) L6€ umouyun
(%78°'89)
(%ELTL) TO1 (%¥T€9) £F (%£0°79) 6% (%€£°89) ¥91 8y (%16°0L) 1061 QATISOq
(%L6'LT)
(%S0°LT) SY (%65°00) 71 (%50°'¥0) 61 (%ST91) 6¢ LTI (%6T11) €8¢ QAnESON
$2TE0 snje}s 10)dooar uagonsg
(%S (%6¥'1) (%6077 (%TT0)
14 I S (%5S'D) 01 65 umouyun Jo paurdadg
(%9¢°56)
(%08°$6) 15T (%£0'76) €9 (9%07°96) 9L (%86'76) LTT L19 (978°S6) S¥ST oune] 10 oruedsry JoN -
(%L90) (%8¥'1) (%08°¢) (%€67) (%96°1)
L € € L (%60°¢) 0T [4Y oupe] Jo oruedsiy
09L8°0 Aoty
(%197 (%6¥'1) (%€$0) (%€6'0) (%Tr'e)
L 1 C L (%£90) L1 16 pesnjal I0 umoudu)
Ab&ho.Nv Aa&@.v.: A§mm.mv A§mm.mv ?&N.v.mv Qu_ucﬁmm JyIoRJ/URIIEMBH SANBN d>ﬁmz
L ! 4 L (%£9°0) L1 16 LYSE[V/UBIPU UBDHIWY ‘UBISY) SISO
(%S¥'11) 0E (%0¥'61) €1 (%61°61) T1 (%18°€1) €€ (%09°€T) 88 (%¥1°11) 96T Yoelg
(%€TT8)
(%L6°€8) 07T (%19°LL) TS (%8t'8L) 79 (%68'28) 861 (439 (%€€°€8) S1TT SIYM
8LTYV0 RN
(%€S°T) (%660 (%92°T) (%6€°T) (%6L°0)
14 4 € 6 1C S[EIN
(%19'86)
(%LY'86) LST (%10°L6) S9 (%0°001) 6L (%¥L'86) 95T LE9 (%17°66) 99T S[ewiag
80150 XoS
oL (sonuodrad
*1L€0°0 1L 0TS 0€9  (0°L9 ‘0°'6%) 0°6S (029 ‘0°6%) 0°09 (0'0L ‘0TS) 0°€9 ‘0'1S) 079 (0oL ‘0'1S) 029 WS. ‘Nsg) uerpaw £q sisouselp e 93y
9T = N 89 =N 6L=N ove =N 1S9 =N
(ITog 2unf ¢ (0T0T Qunf 1 (00T K2 € (610T aunf 91 [[ereA0
0} 1270T Y2Ie]A TT) 0} 020T KeIN ¥) 03 0TOT UDIBINL €£2) 03 610T UOIBIN ST) sdnoigqns _
anpea-d UMOPYI0[-1S0] Suruadoay] uMopyO0] UMOPO0[-21J mnoq 189C =N
(1207 quaydag ¢ 01
dnoi3qng  g1QzArenue[ 1) 11040d [N ONSLIgYORIRYD JUAnIEq

100D I90UuEd ISBIq PIsouderp A[mou 9y ul sonsueloereyd juaned | A14V.L



Z. Z. Milgrom et al.

2888

(0L 1 (%SYE) 1 (%0SD 1 (%€8'1D) T (%¥r0) § (%69°1) S1 uean(peooN
Le 6¢ oy 601 soc 988 Aderoy ouropug
juounear) A193INSUON
(%81°6¢)
(%86°S€) S6 (%9L'9¢) ST (%1L9€) 6T (%EE€S) 08 6CC (%11°9¢) 896 Iojunoous Joyimy ou 10 A193ms oN
(%SE61)
(%80°00) €S (%90°C0) ST (%66'81) ST (%T6'L1) €F 9Tl (%87°81) 061 Awoyoaisey
%Ly SP)
(%¥6'cr) 911 (%81°1¥) 8¢ (%0ETY) SE (%SL'8Y) L11 96¢C (9%T9°SP) €Tl (SO€) A108ms JurArasuo)
02260 A108mg
(%T1C0)
(%€£0°80) vL (%65°00) v1 (%66°81) S1 (%80°LD) 1% 44! (%L9°17) 186 umouun)
(%6L°€) 01 (B1YY) € (%€E9) S (%T6'L) 61 (%89°9) L€ (%L0°S) 9¢€1 Al
(%LY'6) ST (%S9°LD) T1 (%611 6 (BEEED) TE (%8611 8L (%T8°01) 06T 111
(%€T01) LT (%Tr6l) €1 (%66'81) ST (%00°SD) 9¢  (%86°€D) 16 (%88°€1) TLE I
(%01°8€)
(%88°L£) 001 (9%S€TE) T (%1L9¢) 6T (%Tr'ov) L6 8¢ (%8T°0) 0801 I
(%1901 8¢ (%88°9) ¥ (%65°L) 9 (%ST9) S1 (%¥1°8) €6 (%82'8) Tt 0
S0c0°0 061 661 «SISOUSRIp e 9581S
(%€¥'8) TT (%8¥'¥) € (%6S°L) 9 (%0€11) LT (%86'8) 8S (%€7'8) 81¢ SIYIO
(%S0°SY)
(%1TSH) 811 (%1€°LE) ST (%1S°0v) T€ (%¥S°8Y) 911 16T (STSP) 6611 SIBJIPIA
(%LLO) T (%9v'L) § (%08°€) € (B1T°L) L1 (%81Y) LT (%L8'1) 6T1 PIesSIpaN
(%08'11)
(%65°SP) 611 (%SL0S) v (%01°87) 8€ (%S0°€€) 6L 0LT (%99°1%) vO11 ared peSeue|y
+8100°0 QoueInsuy
89190 0T 00 01 (0T ‘00 0T 0T00 01 0z00 01 (0T00 0T (000 0T xopuy A)IpIGIOWO)) UOS[IEYD)
(%65°81)
(%88°TD) v (%161 €1 (%S$9'1€) ST (%Tr'02) 6 Icl (%€£9°ST) 61% S
(%11'18)
(%T1°L8) 0€T (%88°08) SS (%S€°89) ¥S (%8S°6L) 161 0cs (%LE¥Y) T9TT ON
+L100°0 190UeD ISealq oAneIou-o[du],
(%LS'87)
(%89°0¢) 18 (%0060 L1 (%11°67) €C (%80°LD) S9 981 (%T€60) 98L umouyun)
Y9 =N 89 =N 6L =N e =N 1S9 =N
(10T 2unf ¢1 (020T 2unf $1 (0207 KeN € (610T dunf 91 [[e12A0
01 1207 YSTBIN 77) 01 0T0T ABIA #) 01 0TOT UdIBIN €7)  ©) 610T USTBIN 67) sdnoi3qns _
onfea-d UMOPYI0[-150g Suruodoay UMOpPYI0T UMOpY0[-a1d mnog 189 =N
(120T Tequiardag (¢ 01
dnoi3qng  g1QzArenue[ 1) 1104od [[n] JNSLIgYORIRYD Juaned

(ponunuod) T dYqe],



2889

Breast Cancer Screening, Diagnosis, ...

wo)sAs Jurdess yorym Jou d13o[oyjed Jo [BOTUI[D sem 3BIS oY) JOYIYM JBNUIJJIP JOU PIp duryoew els Jurdess oy, “Suniodar 10 AJ-] sdnoi3 23e1s ojur PAJRPI[OSUOD I9JB] dIoM SATe)S
JANL Y.L ‘Aroreredas uonjeurtojur Surdess JZANL pue AT-T sdnoiS aSeis pajoenxe wpuiode oy, (*03e ‘uonerpel ‘qeuonerado ‘ASojoyyed ‘A3o[o1per ‘[OTUI[D) SOJOU PIJR[AI-IAOUED JSBAI] JO AJOLIBA
© SUOWE (OIB3S 0) PIASN S BIEP PIOOSI YI[BY OIUOLII[D PAINONISUN dY} Ul UOHEBOYIUIPI dFels JoOoUERd 0} PAJROIpap (Suryoew djeys Jursels) (0o Suissaooid sFensue [einjeu asnoy-ul uy

§0°0 > d e yueoyusIg

UBIPSUI JOJ 1S9} SI[[EAN—[BYSNIY] UO PIseq It SI[QBLIEA SNONUNUOD I0J san[eA-d ‘SI[QRLIBA [EOLI0531BD I0J 189} 108X Y} O]
9JBWIS O[IB)) AJUOIA] JO 1S3} 10BX S IAYSL] JO 159) arenbs-1yd uo paseq are sor1o§ared dnoiSqns ssoxoe suostredwrod anfea-d oy, *(so[nuadiad Yig/ ‘Yigy) UBIPIW IO (9) U St passaIdxa aIe sanfep

(%ST9 1 (%00°0%) T (%00°09) T (%9€9¢) 8 (%99°LD) €1 (%96'67) 89 umowyun smeyg
(%00'0) (%000 (%000 (%000 (%000 (%00'0)
0 0 0 0 0 0 Aderoy) ouroopud juean(pe + juean(peoaN
(%SL€6) ST (9%00°09) € (9%0009) € (%SSHS) Tl (%60'89) TE (%01'L9) €S1 Aderopowaypd JueAn(py
(%00°0) (%000 (%000 (%60°6) (%9TY) (%¥90)
0 0 0 z z 9 Aderayjowrayd juean(peooN
91 S 4 C Ly LTT uoneipey
(9%00°€€)
(%S0°8%) LE (%61°90) 11 (%9€°9¢) 0T (%18'%7) T€ 001 (%T0°0€) 99€¢ umouyun smelg
(%00°0) 0 (%06'11) S (%19°€0) €1 (€9 1D ST (%68°01) €€ (%11°6) [11  Aderoy autoopus juean(pe + jueanfpeooN
(%61°LY)
(%95°1¥) T€ (%T9°LY) 0T (%9€°9¢) 0T (%¥0°6S) 1L 34! (%L1°TS) 9£9 Aderopowayd jueanlpy
(%6£°01) 8 (%6T¥1) 9 (%¥9°€) T (%€5°8) 11 (%16'8) LT (%0L°8) 901 Kderoyiowayd juean(peooN
LL [4% 9 6cl £0¢ 6l1cCl Aderoyroway)
(%¥0°LE) 01 (%6L€1) ¥ (%00°5€) v1 (20T vT  (%HLESD) TS (%18°€0) 11T umouyun snyelg
(9%00°0) (9%00°0) (%00°01) (9%00°0) (%561 (%€
0 0 ¥ 0 4 01 Aderoy suroopus juean(pe + juean(peooN
(%vToL)
(%97°65) 91 ((%9L728) 1T (9%05°28) 1T (%S1°9L) €8 144! (%9€°€L) 059 Aderoyy autopud jueAN(pY
Y9 =N 89 =N 6L =N e =N 1S9 =N
(1zoz @unf €1 (0z0OT Qunf $1 (0207 KeN € (610T dunf 91 [[e12A0
01 1207 YSTBIN 77) 01 0T0T ABIA #) 01 0TOT UdIBIN €7)  ©) 610T USTBIN 67) sdnoi3qns _
onfea-d UMOPYI0[-150g Suruodoay UMOpPYI0T UMOpY0[-a1d mnog 189 =N
(120T Tequiardag (¢ 01
dnoi3qng  g1QzArenue[ 1) 1104od [[n] JNSLIgYORIRYD Juaned

(ponunuod) T dYqe],



2890

Z. Z. Milgrom et al.

- = - j=J
o < (o]
sweISowwew SurudaIds

paAraoar syuaned Jo #

=3 j=3 (=}

SISOUSBIP MU JO #

— DCIS — All stage breast cancer

;
:

sisougerp A[mau oy Suowre A1931ns JO #

FIG. 2 Time series of patients who received a screening mammogram, a new breast cancer diagnosis, and surgery among the newly diagnosed

patients within the health system

per week vs. 20.0 per week, p = 0.03), which correlates

increase from 25% of normal capacity at around the
beginning of RO, screening mammograms reached 63%

throughout RO. Although diagnostic mammograms were

with a decrease in screening during the LD. Many of these
diagnosed patients likely underwent a primary diagnostic
mammogram, which was considered an essential service

not restricted, they fell to 31.3% and 70.1% in LD and RO
from their preLD rates, likely in part because fewer
screening examinations were performed. According to the

Breast Cancer Surveillance Consortium, generally 4.8

during the pandemic for patients with symptoms such as

palpable lumps. Our study did not determine whether the

diagnosis of breast cancer was from a screening or a

diagnostic mammogram.

breast cancers were detected per 1000 screening mammo-

After diagnosis, surgery is the primary definitive treat-
ment for most early-stage breast cancers and DCIS. Newly
diagnosed patients are often in emotional distress under

grams prior to the pandemic, and 78.6% of those were

stage 0 or 1.'” With the lockdown and the pandemic more
generally, patterns of screening and diagnostic mammo-

any conditions,”” and during the pandemic lockdown,
uncertainties and delays in treatment greatly increased.

Though the weekly volume of surgery for the newly

grams were altered significantly in the preL.D, LD, RO, and
postLD subgroups in our study (p < 0.0001). While the

long-term effects remain unknown, Sud et al. predicted that

diagnosed patients with breast cancer remained at a similar

a 3-month delay in diagnosis would result in a decrease in

level during LD (7.8 £ 4.4 per week) and RO (7.7 £ 3.0

10-year survival of 2.14% to 7.70% across all age groups.””
Despite a precipitous drop in screening mammogram ser-

per week) to the preLLD (10.5 + 3.3 per week), individual

patient’s surgery was delayed to various degrees. The TTSs

vices in our cohort, the diagnosis volume of any stage of
breast cancer and DCIS as well as the volume of breast

for all stages of breast cancer varied significantly among
the subgroup but not the TTSs for the DCIS. Longer

median TTSs with wider 95% CI ranges of 2.4 (1.6-5.3)

surgery was less impacted during LD and RO. Still, there
were fewer diagnoses of any stage cancer in the RO (11.3
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TABLE 2 Summary of weekly average patients who received

screening mammogram, diagnostic mammogram, a new breast cancer

diagnosis, and surgery performed among the newly diagnosed

patients within the health system during the pre-lockdown, lockdown,
reopening, and post-lockdown periods

Procedure, diagnosis, or Overall p- Pre-lockdown Lockdown Reopening Post-lockdown
treatment value 25 March 2019 to 23 March 2020 to 4 May 2020 to 22 March 2021 to
16 June 2019 3 May 2020 14 June 2020 13 June 2021
Weeks 13-24 Weeks 13-18 Weeks 19-24 Weeks 12-23
Screening mammogram Mean (SD) < 0.00011 2326.2 (183.0) 87.2 1484.7 2055.3
(patients per week) (37.2) (565.6) (149.5)
Versus pre-LD, N/A N/A 0.0042 0.0079 0.0143
pairwise p-value
Diagnostic mammogram  Mean (SD) < 0.00017 624.1 195.2 437.2 574.2
(patients per week) (67.7) (65.2) (88.3) (41.4)
Versus pre-LD, N/A N/A 0.0041 0.0144 0.0426
pairwise p-value
All-stage new diagnosis ~ Mean (SD) 0.0012+ 20.0 13.2 11.3 22.0
(patients per week) (5.4) (4.0) (3.4) (6.5)
Versus pre-LD, N/A N/A 0.1192 0.0325 0.954
pairwise p-value
DCIS new diagnosis Mean (SD) 0.0027% 3.1 2.2 1.2 5.0
(patients per week) (2.4) .1 (1.2) (1.9)
Versus pre-LD, N/A N/A 0.3672 0.0648 0.0256
pairwise p-value
DCIS of all-stage new Mean (SD) 0.03671 15.0 14.2 9.6 23.9
diagnosis (%) (10.8) (11.0) (11.0) (10.0)
Versus pre-LD, N/A N/A 0.9997 0.7304 0.16
pairwise p-value
Surgery (patients per Mean (SD) 0.0079% 10.5 7.7 7.8 14.8
week) (3.3) (4.4 (3.0) (6.1)
Versus pre-LD, N/A N/A 0.2271 0.255 0.0306

pairwise p-value

Normality assumption was tested via Kolmogorov—Smirnov test; 1 indicates Kruskal-Wallis test; findicates using the linear regression model

SD standard deviation, Pre-LD pre-lockdown, DCIS ductal carcinoma in situ

months and 1.8 (1.1-4.6) months were observed in LD and
RO, compared with 1.5 (1.2-1.8) months and 1.2 (1.1-1.5)
months in preLD and postLD. Their 95% CI all stayed
within the 3—-6-month delay recommended by the Society
of Surgical Oncology.'" The long-term impact of TTS
delays during the pandemic remains unclear. In Italy,
Vanni et al. reported an increase in lymph node involve-
ment after a delay during the first COVID-19 lockdown.?!
Recent studies investigating the historical data have con-
tributed to understanding the ramifications of delays in
TTS. Minami et al. found increased TTS was associated
with a small rise in pathological upstaging in DCIS patients
in the National Cancer Database 2010-2016.” Sud et al.
reported a delay of 3 and 6 months in TTS would mitigate
19% and 43% of life-years gained from cancer surgery for
England in 2013-2017.%°

At baseline, 21.6% of any-stage patients diagnosed in
preLD in our study did not have a captured breast surgery
event at month 12 while they were still under care for
breast cancers (Fig. 3). This finding has several potential
explanations. Some patients may require neoadjuvant
treatment or may not be surgical candidates, as over 20%
of preLD patients were stage III or IV and the stage was not
detectable in 17.08%. Additionally, there may be patients
who were diagnosed or received a second opinion at the
eligible breast care clinics but received treatment from
unaffiliated surgeons. Compared with the preLD, lower
percentages of patients diagnosed during the LD (15.2%)
and RO (10.2%) did not have captured surgeries, and RO
patients seemed to be diagnosed at more advanced stages
(Table 1). A number of these patients would likely receive
neoadjuvant treatment for their more advanced stage.
However, some patients may have postponed surgery to
avoid clinical settings or opted to receive care in less
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100 Group Events/Total Median (95% CI) HR (95% CI)
2019/3/25 to 2019/6/16 (Pre-lockdown)  160/217 1.5 (1.2-1.8) Reference
2020/3/23 to 2020/5/3 (Lockdown) 50/71 2.4 (1.6-5.3)  0.89 (0.64-1.22)

90

~ =]
(=] (=)
1 1

o))
(=]
1

100-% of newly diagnosed patients undergoing surgery
353 W P wn
(=} (=} (=} [=}
1 1 1 1

—_
(=)
1

2020/5/4 to 2020/6/14 (Reopening) 43/58
2021/3/22 to 2021/6/13 (Post-lockdown)
Logrank P-value: <.0001

1.8 (1.1-4.6)
1.2 (1.1-1.5)

1.15 (0.82-1.61)
1.65 (1.31-2.08)
+ Censor

169/221

Number at Risk
2019/3/25 to 2019/6/16 (Pre-lockdown) 214 134 83 73
2020/3/23 to 2020/5/3 (Lockdown) 71 56 39 28
2020/5/4 to 2020/6/14 (Reopening) 58 37 24 20
2021/3/22 to 2021/6/13 (Post-lockdown) 216 124 54 25

4 5 6 7 8 9 10 11 12
Time to surgery (months)

68 62 54 45 40 34 31 29 29
23 19 9 7 7 7 7 6 4
17 10 7 5 2 2 1 1 1

8 3 0

FIG. 3 Time to surgery among the newly diagnosed patients with any-stage breast cancer using Kaplan—-Meier method

populated, rural settings to avoid travelling to urban
referral centers with higher population density and
COVID-19 transmission rates.

As of mid-2022, after the USA had entered a less acute
phase of the pandemic, over 2 years had passed since the
beginning of the historic COVID-19 pandemic in early
2020, during which variant spikes were seen around the
world.?? Although only one lockdown was imposed in
Indiana, the years-long pandemic radically changed the
behaviors of patients with cancer and the delivery of health
services, which will likely continue to impact cancer care
in the back-to-normal stage.”> Even though scheduling
restrictions were totally lifted in August 2020, the volume
of screening was still at 88.4% (2055.3 per week) of the
preLD average (2326.2 per week) in postLD. If the average
number of screening mammograms had been at the 2019
pre-pandemic level (2397 per week) from 1 January 2020
through 30 September 2021, an additional 25,403 screening
mammograms would have been performed, demonstrating
the accumulated backlog that may be presently impacting
the population. Not only are there undiagnosed patients still
waiting for their screenings, but cancer survivors need
access to mammograms for active surveillance. Despite the
mammogram backlog, diagnosis of any-stage cancer and
the percentage of DCIS returned to preLD levels during

postLD. Significant increases in postLD from the preLD
levels were observed in diagnosis of DCIS (5.0 per week
vs. 3.1 per week) as well as the volume of breast surgeries
(14.8 per week vs. 10.5 per week), which implies a late
impact from the screening backlog resulting in a catch-up
period.

Noticeably, in postLD, not only the TTS for any-stage
breast cancers (1.6 months) is shorter, but patients seeking
care are more likely to complete a surgery within the INPC
healthcare system (see the post-lockdown curve in Fig. 3).
Interestingly, although the availability of surgery was
challenged by hospitals’ COVID-positive patients and
nursing shortages, the weekly surgery volume (standard
deviation) went up to 14.8 (6.1) in postLD compared with
10.5 (3.3) in preLLD (p = 0.03). This could be explained by
the improved availability of operating rooms and providers
resulting from fewer meetings, business trips, and other
elective operations, considering there were two fewer
surgeons in postLD. It could also correlate with a poten-
tially increased patient demand observed from a higher
DCIS diagnosis level (postLD: 5.0 £ 1.9 vs. preL.D: 3.1 +
2.4, p = 0.03) and an earlier stage distribution among the
stage-detectable patients in postLD. A potential change in
patients’ behaviors could also contribute to the shorter TTS
in postLD as patients might seek care and treatment when
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they are able to or continue cancer treatment within the
same healthcare system given the high unpredictability
during the pandemic. Providers reacted to the delay of
surgery by offering neoadjuvant endocrine therapy.
Besides that, providing mental health support to diagnosed
patients and maintaining a professional communication
channel to support their primary care providers were
encouraged to help patients and providers adapt to the
pandemic conditions and strengthen community resi-
lience.'"** Screening mammogram, diagnostic
mammogram, all-stage diagnosis, DCIS diagnosis, per-
centage of DCIS diagnosis, and surgery all showed
statistically significant alterations in their patterns during
the pandemic.

In postLD, the significantly higher level of DCIS diag-
nosis, together with higher average all-stage diagnosis
(22.0 £ 6.5 vs. 20.0 £ 5.4 in preLD, p = 0.95) and average
percentage of DCIS diagnosis (23.9 £+ 10.0% vs. 15.0 £
10.8%, p = 0.16), poses questions about whether they are
early signs of worsening breast cancer incidence since
fewer screening (88.4% of preLD) and diagnostic mam-
mograms (92.0% of preLD) were provided in postLD. Our
study could not investigate this question due to no direct
linkage between the screening mammogram and diagnosis
data. While the changes in diagnosis results warrant further
monitoring, we should not wait to take action until the
impact becomes evident. We advocate expanding screening
in primary care to mitigate the possible longer-term effects.

Our study had several limitations. The mammogram
data were extracted at a population level in the INPC as
upstream to understand the interruption of diagnosis and
treatment in the healthcare system. The patients could have
received a screening mammogram and sought cancer care
in different healthcare systems, whose data are not captured
by our approach. For this reason, we could not assess
potential linkages between screening and surgery in the
cohorts, so the effects of the pandemic on individual
patients cannot be ascertained from the roughly 25,000-
mammogram deficit between 1 January 2020 and 30
September 2021. Moreover, due to limitations in the
dataset, we were unable to obtain a structured stage or
hormone receptor status for all patients. Attempting to
enhance the capture and exchange of high-quality onco-
logical data in a standardized way, such as Minimal
Common Oncology Data Elements,” would be crucial to
further the results of studies like ours. Deeper investigation
into the subpopulations of hormone-receptor-positive
patients who received neoadjuvant endocrine therapy and
evaluations for discrepancies between pathology of the
initial biopsy and surgical excision (i.e., the rate of
upstaging DCIS due to the delay in care) are warranted and
would provide interesting insights into breast cancer biol-
ogy and the consequences of delay in care.

CONCLUSIONS

In this study, numbers of screening mammograms,
diagnostic mammograms, all-stage diagnoses, DCIS diag-
noses, percentage of DCIS diagnoses, and surgeries
declined during the pandemic. While screening decreased
by 96.3% during the LD and 36.2% during the RO, the
overall breast cancer diagnosis and surgery volumes
decreased up to 38.7%, and the time to surgery was pro-
longed. One year after the lockdown, the numbers of
screening and diagnostic mammograms had not fully
recovered to pre-pandemic levels. The postLD subgroup
had a higher DCIS diagnosis and surgery volume than
preLD and a shorter TTS. Because reduced levels of
diagnosis and treatment may have long-term impacts on
patients with breast cancer, additional screening in primary
care should be conducted to mitigate the possible down-
stream effects.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1245/510434-
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