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COVID-19 has led to treatment shortages and delays.
Under these extraordinary circumstances oncologic pro-
cedures and treatments had to be postponed. In most
cases no patients were acutely harmed. However, a
growing tumor carries an inherent risk of metastasis that
increases with each delay. In breast cancer (BC) this risk
can be calculated. BC mortality is attributed to distant
metastasis, therefore the metastatic risk can be estimated
by describing the relationship between tumor diameter
and mortality using a Gompertz function derived from
previously published literature'” and population-based
data (Munich Cancer Registry). The starting time can
either be a palpatory finding with subsequent diagnostic
workup or a screening mammography. For screening the
delay is summed starting from the time the patient is
informed, through the follow-up appointment, the biopsy
procedure, the tumor board recommendation, and until
the first day of treatment.

This function is based on the parameters tumor
diameter at primary treatment, volume doubling times
(VDT), length of time between initial diagnosis and
primary therapy in days, and metastatic risk. The
resulting function estimates 15-year mortality according
to tumor diameter as described in our previous work.’
We used VDT1 of 103/241 days for HR- (negative)/
HR+ (positive) BC obtained via ultrasound by Ryu EB."
In addition, we used the 25%/75% percentiles for
VDT2 of 41/99 days derived from screening data by
Weedon-Fekjaer H.> The ratio between HR+/HR- BCs
of the VDT1/2 values is 2.33/2.41 and based on our
previous work fittingly corresponds to the ratio of me-
dian time to metastasis in HR+/HR- BCs.* The mean of
these two literature-based VDT1 and 2 is modeled and
shown as a third group (VDT3) representing a more
moderate estimate for VDT. The following function
uses VDT3 to estimate 15-year mortality:
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For BCs with a diameter of 5/10/20/30 mm mor-
tality increases by 0.6/1.1/1.5/1.3% when the tumor
grows by one millimeter. The largest increase in
mortality occurs at 20 mm. Assuming a faster VDT2
of 41/99 days a 0.5 mm BC not detected at screening
would be 30/2.7 mm after two years. Fig. 1 summa-
rizes all findings for VDT1-3. Adjusting for additional
factors such as a biennial screening interval or slow-
growing tumors detected during screening in the
modeling function merely results in a small shifts of
the results shown in Fig. 1. The drawn conclusions
remain unchanged.

In Germany, screening during the COVID-19
pandemic was interrupted for five weeks. If all
appointments had been delayed by five weeks this would
increase 15-year mortality by an estimated 1.1%.°

Even if all appointments are scheduled in a
timely manner, it can take 35 days to start primary
treatment. According to population-based data from
Upper Bavaria, it takes a mean of 24.5 days (SD
21.4), and according to NHS screening data, it takes
38 days.® This is associated with a worsening prog-
nosis. A similar finding was reported for delayed
surgery of more than eight weeks and overall sur-
vival” Although a distinct time limit for treatment
delay does not seem plausible given the continu-
ously active tumorbiological processes. With each
delayed day the risk grows continuously, there is no
risk-free interval. However, there are organizational
and human limits to the necessary reduction in
delay. Organizational processes must be accelerated
as much as possible without haste and agitation. At
the same time, an appropriate time interval must be
allowed for the mental processing of the cancer
diagnosis until surgery, especially since there is no
emergency situation. Time pressure could be taken
away with a neoadjuvant therapy starting as soon as
possible.
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Fig. 1: Tumor growth during primary treatment delay of 35 days and increase in metastasis. Tumor growth during delay is calculated for three
different VDT. Solid and dotted lines describe growth (a) and mortality (b) for HR- and HR + BCs, respectively. The highlighted lines on the x-axis
represent mean values from pTia to > pT2-N-MO0 BCs obtained from the data of the TRM. a: The dot shows that a 15-mm BC would have had a
diameter of 12.3 mm assuming the VDT1 of 41 days if treatment had started 35 days earlier. b: The Gompertz function* results in an increase of
3.5% in metastases initiated during delay growth for the difference in mortality at 15 and 12.3 mm. To estimate the mortality, increase in a
population, the mean values for the pTla/pT1b/pT1c/>pT2 intervals must be weighted by frequency. For HR + BCs, the weighting is: 0.041/
0.164/0.414/0.381). The VDT-dependent mortality refers to 10,000 T-N-MO BCs. The total mortality increase at 49 days delay for the 3 VDTs is
133 (SD + 11.5)/315 (SD + 17.7)/187 (SD = 13.7) additional deaths. SD: square root of the events as standard deviation for Poisson distributions.
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