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ABSTRACT

Objective: The coronavirus-2019 (COVID-19) pandemic caused delaying breast cancer management, increasing time interval in chemotherapy cycles and
surgery. This has implications on radiological manifestation of cancer. Further, we evaluated changes observed in mammography.

Materials and Methods: This case control study was conducted from March 25, 2020 to August 15t, 2020 at the Integrated Breast Care Centre, All
India Institute of Medical Science Rishikesh (AIIMS), Rishikesh. Sonomammography was performed on follow-up patients who were on chemotherapy
and were scheduled for surgery. Moreover, duration of delay from the last neoadjuvant chemotherapy (NACT) cycle was recorded. Similar data in the
pre-COVID-19 period from November 4th, 2019 to March 24, 2020 was compared with post-COVID-19 data and was analyzed by SPSS Version 23.

Results: The study included 54 patients who presented between March 25t, 2020 and August 15%, 2020. Furthermore, the delay in NACT cycles has
been shown to be associated with disease progression (p = 0.045). Subgroup analysis of treatment duration with various parameters revealed significant
correlation between size, appearance of ulceration, and response evaluation (p<0.05). However, no significant association was found between duration of
delay and the histological subtype of lesion (p>0.05). A substantial difference was seen in the evaluation of NACT response in pre- and post-COVID-19
time, with partial response (n = 39, 58.24%) seen as the most common response in pre-COVID-19 time and progressive disease (n = 28, 51.9%) as the most
common response in post-COVID-19 time (p<0.001).

Conclusion: The coronavirus pandemic has severe impact on breast cancer management. A delay in NACT causes progression in cancer. This can be seen
in ultrasound and mammogram.
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Key Points
o Coronavirus pandemic has severe impacts on breast cancer management.

e The delay in neoadjuvant chemotherapy cycles and duration in between the neoadjuvant chemotherapy cycles and surgery is associated with disease
progression.

e The impacts of delay in neoadjuvant chemotherapy cycles can have radiological manifestations which can be seen on mammography and ultrasound.

Introduction

In the year 2020, the coronavirus pandemic affected many countries worldwide. One of the hardest hit countries is India. To cope up with
such a pandemic, nationwide lockdown was imposed from March 25%, 2020 to May 31%, 2020 for a period of 68 days (1). This restricted
the movement of people, which was necessary given the pandemic situation. It was also recommended that cancer surgery be postponed and
chemotherapy be continued in cancer patients to reduce the risk of hospital-acquired coronavirus disease-2019 (COVID-19). Moreover, health
emergencies and cancer treatment were exempted from the stringent lockdown. However, lack of awareness caused delays in the management of
various cancer patients, such as those who were on chemotherapy and radiotherapy and were scheduled for surgery. Furthermore, the effects of
delays in treatment due to such a pandemic situation can be seen on imaging in these cancer patients.

Many studies have been carried out worldwide, such as those by Freer (2) and Broom et al. (3), which state that the coronavirus pandemic has

adversely affected the cancer management in general and breast cancer in particular. As a precautionary measure to reduce the infection, the level
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of care provided to cancer patients has reduced since the pandemic (4).
The management of patients with breast cancer has been impaired,
resulting in delayed diagnosis, chemotherapy, and surgery. Timelines
from surgery to adjuvant chemotherapy has been increased (5, 6).
In addition, breast cancer imaging was affected, showing a marked
reduction in case volumes, especially during the first 2 months
of the pandemic. All imaging modalities, such as mammography,
ultrasonography, and breast magnetic resonance imaging (MRI), were
affected; however, breast mammography was most affected (2, 7).

About half a century ago, preoperative chemotherapy was started with
the goal of treating locally advanced and non-operable breast cancer
(8). However, preoperative NACT is also regarded as the standard of
care for primary operable breast cancer these days (9). The objectives
of preoperative NACT are not only to minimize cancer and increase
breast-conserving surgery but also to achieve pathological complete
response (8, 10).

Various imaging modalities are available for assessing the response
evaluation of NACT in patients with breast cancer, such as
physical examination in conjunction with mammography and
ultrasonography, dynamic breast MRI, Positron emission tomography
scan, and mammoscintigraphy (11, 12). Out of the various available
modalities, physical examination, together with mammography and
ultrasonography, is most widely used modality (12).

The latest guideline for response evaluation in solid tumors is response
evaluation criteria in solid tumors (RECIST) Version 1.1 (13). In
compliance with this guideline, the response evaluation to treatment can
be provided in the form of complete response, partial response, progressive
disease, and stable disease after comparison with prior imaging.

The main objective of this case control study is to evaluate changes
observed in mammography and ultrasonography due to delays in the
treatment course of breast cancer. This entails the delay in neoadjuvant
chemotherapy cycles and duration gap between the last neoadjuvant
chemotherapy and surgery.

Materials and Methods

This case control study was conducted at the Integrated Breast Care
Centre, AIIMS, Rishikesh, from March 25%, 2020 to August 15%,
2020 for a period of 4.5 months. This data was correlated with the
data collected from November 04", 2019 to March 24®, 2020 taken in
pre-COVID-19 time. Further, the response evaluation was performed
according to RECIST Version 1.1. The duration of delay from the last
NACT cycle was recorded. There were also histopathological types of
each patient obtained. In addition, changes observed in mammogram
and ultrasound were recorded. This included changes in size, change
in density, and appearance of new calcification, satellite nodules, and
lymph node status and muscle/skin infiltration. Mammography was
performed using the Hologic Selenia Dimensions, Hologic (USA). On
the other hand, ultrasound was performed using 4-12 MHz linear
high-frequency probe of Esaote MyLab 9 ¢XP Diagnostic Ultrasound
system, Model MyLab 9 eXP scanner.

Inclusion criteria:

e All follow-up patients who were on NACT and visited again for

response evaluation.

e All follow-up patients who have completed their NACT and
were scheduled for surgery.
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Exclusion criteria:
* All new patients who came for the first time.
* All benign cases.

 All those patients who had received their prior neoadjuvant
therapy and presented for future follow-up at our center for
the first time were excluded because there was no prior imaging
available for comparison.

The analysis of data was conducted using SPSS Version 23. For
descriptive statistics, the data was analyzed, and the association
between various parameters was correlated using non-parametric tests
of correlation, such Spearman’s rank-order correlation coefficient,
Kruskal-Wallis H test, and Mann-Whitney-Wilcoxon test as the
duration of delay was not normally distributed.

Results

Patient characteristics

A total of 54 patients presented for follow-up between March 25, 2020
and August 15%, 2020. This post-COVID-19 data was contrasted with
pre-COVID-19 data collected from November 4%, 2019 to March
24%, 2020. The duration of delay, associated RECIST, histological
subtypes of tumor, and radiological findings during both periods are
summarized in Table 1. It was found that in the pre-COVID-19 times,
the patient was found to have a mean duration delay of 15.69 days
(median = 14 days and mode = 10 days) from the last NACT cycle
and, if scheduled for surgery, was usually operated within 6 weeks (42
days). However, during the post-COVID-19 times, this duration has
increased, and patients used to present a mean duration delay of 85.76
days (median = 89 days and mode = 72 days), increasing the time
duration between the NACT cycles and gap between the last NACT
cycle and surgery. Due to such a long gap of duration, most patients (n
=28, 51.9%) developed progressive diseases and had to undergo a few
more NACT cycles before undergoing surgery. The maximum duration
of delay observed during the pre-COVID-19 time was 50 days post 4
cycles of NACT, while the minimum duration of delay was 2 days post
4 cycles of NACT. However, during the post-COVID-19 times, the
maximum duration of delay was 117 days observed in patients post 9
cycles of NACT, whereas the minimum duration of delay was 29 days
post 10 cycles of NACT. During the post-COVID-19 time, the average
duration patients underwent surgery following their last NACT cycle
was 73 days if the post-NACT mammogram and ultrasonography
suggested a stable disease or partial response.

When considering the post-COVID-19 period, the average age of
presentation was 45.35 years, with standard deviation of 10.60 years.
Most patients had triple-negative breast cancer (n = 15, 27.8%), with
malignant phyllodes (n = 2, 3.7%) being the least common tumor
seen. Moreover, progressive disease was mostly seen in triple-negative
breast cancer (n = 11, 20). Right- and left-sided breast involvement
was seen in 27 cases (50%) each.

In comparison with pre-COVID-19 time, the most common response
seen was partial response (n = 39, 58.2%), while the least common was
complete response (n = 1, 1.5%). Further, progressive disease was seen
in only seven cases (10.4%).

Increasing the duration between the NACT cycles and the last NACT
cycle and surgery is strongly correlated with disease progression (Table
1). In the response evaluation, a significant statistical difference was
observed in pre- and post-COVID-19 time (p<0.001).
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Table 1. Summary of all parameters

All parameters

Age (years)

Duration (days)
Laterality

Right

Left

Bilateral

Cycles of NACT

No NACT

2 cycles

4 cycles

5 cycles

6 cycles

7 cycles

8 cycles

9 cycles

10 cycles

11 cycles

12 cycles

Change in size
Increased

Decreased

Stable

Change in density
Increased

Decreased

Stable

Mammogram not done
Calcification in lesion
New calcification
Same as prior

No calcification
Mammogram not done
Appearance of ulceration
New ulceration
Ulcerated since earlier
No ulceration
Ipsilateral axillary lymph nodes
New nodes

Same as previous

No nodes

Reduced

Pre-COVID-19

Mean £ SD ||min-max|| Frequency
(%)
44.5449.01 ||24-63||
15.69+8.88 ||12-50||

39 (58.2%)
27 (40.3%)
1(1.5%)

0
0
33 (49.3%)
4 (6.0%)
1(1.5%)
0
27 (40.3%)
0
0
0
2 (30%)

9 (13.4%)
57 (85.1%)
1 (1.5%)

1(1.5%)
(37.3%)
(59.7%)
(1.5%)

25
40
1

0
28 (41.8%)
38 (56.7%)
1 (1.5%)

0
1 (1.5%)
66 (98.5%)

0
30 (44.8%)
28 (41.8%)
9 (13.4%)

Post-COVID-19

Mean £ SD ||min-max|| Frequency
(%)
45.35+10.60 ||28-66]|
85.76+33.29 [|29-136]|

27 (50%)
27 (50%)
0

3 (5.6%)
1(1.9%)
13 (24.1%)
2 (3.7%)
0
3 (5.6%)
27 (50%)
1(1.9%)
3 (5.6%)
1(1.9%)
0

26 (48.1%)
19 (35.2%)
9 (16.7%)

15 (27.8%)
7 (13%)
24 (44.4%)
8 (14.8%)

5 (9.3%)
16 (29.6%)
25 (46.3%)
8 (14.8%)

4(7.4%)
3 (5.6%)
47 (87%)

8 (14.8%)

28 (51.9%)

18 (33.3%)
0



Table 1. Continued
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Pre-COVID-19 Post-COVID-19
All parameters
Mean  SD ||min-max|| Frequency Mean 1 SD ||min-max|| Frequency
(%) (%)
Infraclavicular lymph nodes
New nodes 0 7 (13%)
Same as previous 2 (3%) 4 (7.4%)
No nodes 65 (97%) 43 (79.6%)
Supraclavicular lymph nodes
New nodes 1(1.5%) 2 (3.7%)
Same as prior 1(1.5%) 4 (7.4%)
No nodes 65 (97%) 48 (88.9%)
Contralateral side
New infiltrated axillary LN 0 2 (3.7%)
No change 66 (98.5%) 47 (87%)
New malignant breast lesion 1(1.5%) 5(9.3%)
Histological subtype
Luminal type A 22 (32.8%) 19 (35.5%)
ER/PR/HER2neu+ve 15 (22.4%) 8 (14.8%)
HER 2neu+ve 13 (19.4%) 10 (18.5%)
TNBC 17 (25.4%) 15 (27.8%)
Phyllodes tumor 0 2 (3.7%)
RECIST
Stable 20 (29.9%) 19 (35.2%)
Progressive disease 7 (10.4%) 28 (51.9%)
Partial response 39 (58.2%) 6(11.1%)
Complete response 1(1.5%) 1(1.9%)

LN: Lymph nodes; SD: Standard deviation; ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal growth factor receptor 2; TNBC:
Triple-negative breast cancer; COVID-19: Coronavirus disease-2019; min: Minimum; max: Maximum; RECIST: Response evaluation criteria in solid tumors

Impact of duration of delay in treatment on various parameters
during post-COVID-19 times

Most patients were able to visit the hospital after a median duration
delay of 89 days (mode = 72 days, mean = 85.76 days). We analyzed the
impact of duration of delay (days) in treatment on the characteristics of
various patients, such as age of presentation, side of breast involvement,
status of the NACT cycles, and appearance of ulceration. In addition,
we have also studied its impact on radiological features, such as change
in size, mammographic density, presence of calcification, and lymph
nodal status. A correlation with histological subtype and RECIST was
also carried out. The following were our observations:

* Assignificant correlation (p<0.05) was observed in relation to the
breast involved, change in size of lesion, appearance of ulceration,

infraclavicular lymph nodes, and RECIST (Table 2).

* Change in size of lesion: It was found that radiological increase
in size of lesion was seen in 48.1% of cases (n = 26, p = 0.042),
whereas a decrease was seen in 35.2% of cases (n = 19).

* Appearance of new ulceration: Delay in treatment was seen
to be associated with the appearance of new ulceration in lesion
in 7.4% of cases (n = 4, p = 0.013). As a result of ulceration,
mammography could not be performed in these patients.

* RECIST: On response evaluation, the majority of patients displayed
progressive disease (Figure 1) (n = 28, 51.9%, p = 0.045), whereas the
least commonly seen was complete response (n = 1, 1.9%).

* Other characteristics: Other radiological changes were also seen,
such as the appearance of a new calcification (n = 5, 9.3%, p = 0.223)
and increase in mammographic density of lesion (n = 15, 027.8%)
(Figure 2); however, this correlation was insignificant (p = 0.802)
(Table 2). The appearance of new malignant lesion in contralateral
breast (n = 5, 9.3%) (Figure 3) and new lymph nodes in contralateral
axilla (n = 2, 3.7%) was found in few cases (p = 0.166).

Discussion and Conclusion

Breast cancer is the most common malignancy in females, with a

lifetime risk of up to 1.8 (14). Before surgery, neoadjuvant therapies,
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Table 2. Non-parametric correlation analysis between delay in duration (days) and post-COVID-19 parameters

Parameters

Age (years)

Laterality

Right

Left

Cycles of NACT

No NACT

2 cycles

4 cycles

5 cycles

7 cycles

8 cycles

9 cycles

10 cycles

11 cycles

Change in size
Increased

Decreased

Stable

Change in density
Increased

Decreased

Stable

Mammogram not done
Calcification in lesion
New calcification
Same as prior

No calcification
Mammogram not done
Appearance of ulceration
New ulceration
Ulcerated since earlier
No ulceration
Ipsilateral axillary lymph nodes
New nodes

Same as previous

No nodes
Infraclavicular lymph nodes
New nodes

Same as previous

No nodes

Mean * SD
|Imin-max]||
Frequency (%)

45.35+10.608 ||28-66||

27 (50%)
27 (50%)

3 (5.6%)
1(1.9%)
13 (24.1%)
2 (3.7%)
3 (5.6%)
27 (50%)
1(1.9%)
3 (5.6%)
1(1.9%)

26 (48.1%)
19 (35.2%)
9 (16.7%)

15 (27.8%)
7 (13%)
24 (44.4%)
8 (14.8%)

5 (9.3%)
16 (29.6%)
25 (46.3%)
8 (14.8%)

4(7.4%)
3 (5.6%)
47 (87%)

8 (14.8%)
28 (51.9%)
18 (33.3%)
7 (13%)
4 (7.4%)
43 (79.6%)

Duration of delay

. p-value
Correlation
coefficient (rho)

0.191 0.166
0.298* 0.028
0.240 0.090
0.278* 0.042
-0.035 0.802
-0.169 0.223
-0.335% 0.013
0.183 0.186
-0.275* 0.044
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Table 2. Continued

Parameters

Supraclavicular lymph nodes
New nodes

Same as prior

No nodes

Contralateral side

New infiltrated axillary lymph node
No change

New malignant breast lesion
Histological subtype

Luminal type A
ER/PR/HER2neu+ve

HER 2neu+ve

TNBC

Malignant phyllodes tumor
RECIST

Stable

Progressive disease

Partial response

Complete response

Frequency (%)

Mean * SD
|Imin-max]||

Duration of delay

. p-value
Correlation

coefficient (rho)

2 (3.7%)
4(7.4%)
48 (88.9%)

-0.225 0.101

2 (3.7%)
47 (87%)
5(9.3%)

-0.101 0.166

19 (35.5%)
8 (14.8%)
10 (18.5%)
15 (27.8%)
2 (3.7%)

0.219 0.111

19 (35.2%)

28 (51.9%)
6 (11.1%)
1 (1.9%)

0.274* 0.045

NACT: Neoadjuvant chemotherapy; COVID-19: Coronavirus disease-2019; ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal
growth factor receptor 2; SD: Standard deviation; min: Minimum; max: Maximum; RECIST: Response evaluation criteria in solid tumors
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Figure 1. Clustered boxplot showing tumor response in relation to
various histological subtypes of malignant breast lesions in post-
COVID-19 period. We can see that complete response was seen only
in 1 (1.9%) case with luminal type A as histological subtype with delay
in duration of 72 days. As the duration of delay increased, most of
histological subtypes showed either progressive (n = 28, 51.9%) or
stable disease (n =19, 35.2%)

COVID-19: Coronavirus disease-2019; LN: Lymph nodes; ER: Estrogen receptor; PR:
Progesterone receptor; HER2: human epidermal growth factor receptor 2; TNBC:
Triple-negative breast cancer; n: Number; RECIST: Response evaluation criteria in
solid tumors

such as chemotherapy, radiation, and endocrine therapy, were used to
pre-treat tumor (15). Due to this technique, mortality associated with
breast cancer has reduced these days. Using neoadjuvant therapies,
even all those cancers that are initially inoperable can be downgraded

to fulfill operability criteria (8).

In breast cancer management, neoadjuvant therapies are being
followed at almost all centers these days. Generally, a 3-month course
is offered, and then the tumor is evaluated for reduction in volume
(15). In our center, the patient is reevaluated with mammography
and ultrasonography after completion of four and sometimes eight
cycles of chemotherapy, and response evaluation is conducted. Prior to
surgery, another follow-up imaging is performed.

According to the literature, the duration between the last neoadjuvant
chemotherapy and surgery should not be more than 28 days. This
gap of 28 days is necessary for overcoming the neutropenic window
(8, 10). However, there are no clear-cut guidelines for the maximum
duration allowed between the last cycle of neoadjuvant therapy and
surgery, and different studies show different results (16-20). In our
center, patients are generally operated post 2-3 weeks of the last
chemotherapy cycle. However, due to the coronavirus pandemic, this
time interval has increased. Most of the patients were able to visit the
hospital after a median duration delay of 89 days (mode = 72 days,
mean = 85.76 days). Thus, a repeat imaging with mammography and
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ultrasonography of all the patients who visited post-lockdown was
performed to know the status of disease.

There are fewer studies which state that delayed duration of >8 weeks
in neoadjuvant therapy and surgery is associated with poor outcomes
(21). However, the reason of delay in their study was unknown.

Studies by Jazich et al. (4) and Li et al. (6) have been carried out post-
coronavirus pandemic, which clearly shows the inadvertent effects of
delay in treatment of cancer patients. Every aspect of breast cancer
management has been affected from screening to diagnosing and
treatment (2, 6). Many studies have shown the effects of change of
care of cancer patients on imaging modalities in the form of reduction
in case volumes of mammography, ultrasonography, and breast MRI

Figure 2. Mammogram images of a 52-year-old female patient who
initially presented with lump in her left breast. HPE from the lesion
was s/o invasive carcinoma grade Ill, ER/PR negative, and HER2 neu
equivocal. (@) CC and MLO images done at baseline was s/o oval-
shaped high-density lesion with microlobulated margins in the left
breast in the upper inner quadrant. Few foci of microcalcification can
also be seen within the lesion on CC view. Few equal-density lymph
nodes with loss of hila can also be seen in the left axilla. (b) CC and
MLO images done post 4 cycles of NACT during the pre-COVID-19
time at a duration delay of 10 days show reduction in lesion size along
with mild reduction in density s/o partial response (RECIST 1.1). (c)
CC and MLO images done after COVID-19 at a duration delay of
approximately 115 days (3.8 months) showed s/o increase in size of
the left breast lesion along with an increase in its density. The overall
response assessment was s/o progressive disease (RECIST 1.1)

HPE: Histopathological Examination; HER2: Human epidermal growth factor
receptor 2; CC: Craniocaudal; MLO: Mediolateral oblique; NACT: Neoadjuvant
chemotherapy; COVID-19: Coronavirus disease-2019; ER: Estrogen receptor; PR:
Progesterone receptor; RECIST: Response evaluation criteria in solid tumors

(2, 7). However, so far, no study has shown what changes are actually
observed on imaging in follow -up patients in the post-pandemic period.
Moreover, none of the studies has shown changes in mammography
density, appearance of new calcification, ulceration and lymph nodes,
and their association with the histological subtype. This novel study
aims to review these radiological changes observed on mammogram.

It can be clearly seen from our study that duration of delay in
neoadjuvant therapy and surgery is associated with progression of
diseases, worsening the outcome.

The main limitation of our study is short duration of the study. A
small sample size could be collected in this short duration of study.
Other shortcoming is that it is a single-centered study. A larger study
with more samples may show more reliable results. Although patients
who presented for the first time post-lockdown were not included in
this study, they also presented with advanced disease post-lockdown as
they were reluctant to visit hospitals during the lockdown. The reasons
of delayed presentation also need to be studied so that they can be
remedied in future. This may form a basis for further research.

Figure 3. Mammogram images of a 50-year-old female patient who
initially presented with lump in her right breast. HPE from the lesion
was s/o invasive carcinoma grade lll, ER positive, and PR/HER2neu
negative. (a) CC image of right breast done at baseline was s/o an
irreqular iso- to high-density lesion showing spiculated margins in
upper outer quadrant and retroareolar region, reaching up to the
nipple, showing few fine pleomorphic microcalcifications within and
in vicinity of the lesion with surrounding architectural distortion. The
left breast was normal. (b) CC images done post 8 cycles of NACT
during the post-COVID-19 time at a duration delay of 52 days show
no significant change in the size of the right breast BIRADS 6 lesion;
however there is appearance of new irregular-shaped high-density
lesion with indistinct margins in the left breast upper outer quadrant.
HPE from this lesion was malignant etiology. The overall response
assessment was s/o progressive disease (RECIST 1.1)

HPE: Histopathological Examination; HER2: human epidermal growth factor
receptor 2; CC: Craniocaudal; MLO: Mediolateral oblique; NACT: Neoadjuvant
chemotherapy; COVID-19: Coronavirus disease-2019; ER: Estrogen receptor; PR:
Progesterone receptor; BIRADS: Breast Imaging Reporting and Database System
score; RECIST: Response evaluation criteria in solid tumors



In conclusion, the coronavirus pandemic has severe impact on breast
cancer management. A significant correlation was found in progression
of disease with increase in duration of delay as seen during the pre- and
post-COVID-19 time. A delay in neoadjuvant chemotherapy cycles
and duration between the last cycle of neoadjuvant chemotherapy
and surgery cause progression in cancer. This can be observed in
mammogram and ultrasound. Delayed duration in surgery is clearly
associated with increased size of lesion, increased mammography
density, and appearance of ulceration in lesion. The appearance of
new calcification, contralateral malignant breast lesion, and axillary
and supra/infraclavicular lymph nodes were also seen. Furthermore,
COVID-19 pandemic has had a devastating impact on breast cancer
patients.
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