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ABSTRACT

Background. Delays in initiation and interruptions in the radiotherapeutic management of head and neck
malignancies have radiobiologic implications in allowing for the accelerated repopulation of surviving tumor cells.
This phenomenon has been demonstrated to translate into poorer survival outcomes and tumor control, typically
manifesting as tumor progression that may require a new radiotherapy set-up. Such adjustments are accounted for
with a repeat computed tomography (CT) simulation which entails increased resource costs, patient inconvenience
and further treatment delays. Even with maximal efforts to minimize treatment delays, the real-world effects of
the current pandemic on the logistics and compliance to daily radiotherapy remain significant. A comparison of the
incidence of tumor progression before and during the pandemic is thus investigated, with repeat CT simulation
utilized as a surrogate.

Objective. This study aims to compare the incidence of repeat CT simulation among patients with head and neck
cancer treated before and during the COVID-19 pandemic. Various patient- and/or treatment-related factors, inclu-
ding treatment delay, that may associate with the likelihood of repeat simulation are also investigated in this review.

Methods. Medical and radiation treatment records of patients with head and neck malignancies who underwent
CT simulation before and during the pandemic were retrospectively reviewed and prospectively followed up until
completion of treatment.

Results. A total of 72 patients were included, with an average age of 45 years (range: 7-82). The median time to
radiotherapy initiation was 37 days (SD + 37, range of 0-278) from initial CT simulation and was similar between
the groups (p = 0.774). Repeat simulation was observed more frequently in the pandemic group (76.2% vs
23.8%, p = 0.007). Patients who had delayed radiotherapy initiation (p = 0.005, OR 13.59; Cl 2.23-82.87) or had
treatment interruptions (p = 0.004, OR 23.21; Cl 2.79-193.29) had a higher incidence of repeat simulation.

Conclusion. A higher incidence of repeat simulation was observed in this population treated six months into the
pandemic. Delays in radiotherapy initiation and treatment interruptions were significantly associated with repeat
simulation. Strategies should be employed to prevent disease progression among this subset of patients to
minimize the burden on radiotherapy resources and preserve oncologic outcomes.
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INTRODUCTION

Cancer of the head and neck region, specifically of
the squamous cell histology, afflicts approximately 600,000

grc:.rlresponding aultr:_|or: Ber}edict Mihangel P. Crisostomo, MD patients worldwide, with nearly 60% having locally
Unli\I/Z,:Isri\ti/%?E;aPhiIci’;g;:\e:es Manila advanced but non-metastatic disease.! In the Philippines,
Taft Avenue, Ermita, Manila 1000, Philippines 7,497 or 6% of all new cancer cases diagnosed in the year
Email: bpcrisostomo@up.edu.ph 2015 alone involved the nasopharynx, oral cavity, larynx,
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and other areas of the pharynx.? Treatment for these
neoplasms with such localizations to the head and neck
have historically included radiotherapy, chemotherapy, or a
combination of both.

Accelerated repopulation is a radiobiologic phenomenon
wherein surviving tumor cells or “clonogens” grow rapidly
after tumor shrinkage, typically at about 28 days from
initiation of radiotherapy. Cytotoxic therapy may trigger
this process such that tumor regression paradoxically allows
for more rapid proliferation of surviving clonogens. These
observations have led to the development of surrogates for
anatomic changes in head and neck cancers, using image-
guidance during treatment to detect tumor progression.®

To prevent recurrence or progression, analyses have
been done comparing the overall duration of fractionated
radiotherapy in head and neck cancer. For fast-growing tumors
with a tendency for accelerated repopulation, treatment is
recommended to be completed as soon as practicable and
overall treatment time should not be prolonged to assure
the efficacy of later fractions.* Higher doses have been
observed to be needed in later fractions such that a dose
increment of 0.6Gy per day is required to compensate for
this repopulation.* A consensus statement by the American
and European Societies for Radiation Oncology made
through a rapid Delphi process recommended that treatment
for this subsite should not be postponed by more than 4-6
weeks with strong agreement among expert respondents.’
Furthermore, a systematic review described a correlation
between radiotherapy delay and oncologic outcomes, where
a reduced loco-regional control was noted in aggressive
head and neck tumors.®

Repeat simulation and planning is defined as an
additional computed tomography (CT) scan done after an
initial simulation had already been acquired, whether actual
treatment had commenced or not. Although avoidable,
certain circumstances may determine the need for this process
which has inherent costs to resources, patient convenience,
and treatment course. A study by Metzger evaluating
frequencies for all cancer histologies found that the repeat
simulation rate in 683 patients with head and neck cancer
was relatively high at 3.07%, attributed primarily to changes
in anatomy from the delay of treatment initiation.”

The possible causes for repeat simulation include set
up changes, immobilization devices, and changes in RT
plan. Changes in the set up that typically lead to repeat
simulation include radiotherapy field adjustments and the
need for patient repositioning. This may be due to anatomic
changes (weight gain/loss) and/or patient discomfort with
the planned set up upon initiation of radiotherapy.®” Field
adjustments may be required if there is any need for positional
changes to account for delays in treatment initiation, such
as the need to hyperextend the neck for oral cavity cancers.
Meanwhile, radiotherapy plan changes may come from
the discretion of the treating physician beyond the other
aforementioned reasons, to determine the need for repeat
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treatment planning. Any attempt to distinguish between
random occurrences and systemic processes is difficult since
influences may be intertwined for both suspected as the
culprit for repeat simulation.

On March 16, 2020, the island of Luzon was placed
under Enhanced Community Quarantine as the Philippine
government’s precaution against the disease caused by the
novel SARS-CoV-2 virus or COVID-19. The University of
the Philippines-Philippine General Hospital was designated
as a COVID-19 referral center, consequently halting regular
operations of its radiotherapy facilities. During this period,
only admitted patients with emergent conditions were catered,
resulting in the postponement of its high-volume outpatient
census and repeat simulations becoming noticeably rampant.
Even with maximal efforts of this institution to minimize
treatment delays, the real-world effects of pandemic
quarantine measures on the logistics and compliance to daily
radiotherapy remain significant.”

'This study thus aims to compare the incidence of repeat
radiotherapy planning, as a surrogate of tumor progression,
among patients with head and neck cancer treated before and
during the COVID-19 pandemic in an ambispective design.
Various patient- and/or treatment-related factors, including
treatment delay, that may associate with the likelihood
of repeat simulation were also investigated in this review.

MATERIALS AND METHODS

Patients

All patients diagnosed with malignant neoplasms of
the head and neck region who underwent CT-simulation
for external beam radiation therapy from September 2019
to August 2020 (6 months before and after the start of
pandemic) were included in this study. Patients with sole
intracranial disease and those with treatment withheld or
not planned to complete course of treatment were excluded.

Study Procedure and Data Collection

After obtaining institutional review board approval,
records of patients satisfying the inclusion criteria were
retrospectively reviewed, particularly those of patients
diagnosed with cancer localized to the head and neck region
having undergone initial CT simulation and to be treated
or were undergoing external beam radiotherapy in the
institution during the defined study period. The respective
outpatient records, radiation therapy charts, CT-simulation
images, and treatment plans of patients identified were
accessed and reviewed.

Patients were classified into either one of two groups
ambispectively; 1) a retrospective arm of patients who have
completed radiation therapy prior to the start of pandemic
(September 2019 to March 16, 2020), and 2) a prospective
arm of patients who underwent CT simulation and scheduled
or already undergoing radiation therapy during the pandemic

(March 17 to August 30, 2020).
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A standard case record form was used for data recording.
This contained the patient’s demographic information,
history of present illness, pre-treatment diagnosis and staging,
and treatment-related parameters. The principal investigator
assigned codes to the patients to assure confidentiality.
Data gathered was reported as group data.

For this study, repeat simulation and planning were
defined as an additional computed tomography simulation
done after an initial simulation and radiotherapy treatment
plan had already been made, whether actual treatment had
commenced or not. In addition to the need for re-simulation,
the following baseline information was tabulated from the
patient’s records: the patient’s age, sex, tumor histology,
tumor site, primary or metastatic, stage at time of treatment,
radiation doses and use of chemotherapy. Other pertinent
data were also included in data collection: intervals between
initial CT simulation and treatment initiation, repeat
simulation, and treatment continuation, as well as any
treatment interruptions and length of delays mid-treatment.
For patients in the arm undergoing radiotherapy during the
pandemic, the need for repeat simulation was determined
independently by the attending physician, with the outcome
recorded upon initiation or resumption of the patient’s
radiotherapy course. Etiologies for repeat simulation for both
arms were gathered and recorded. The records were followed
during the course of treatment, and data was retrieved until
the completion of radiotherapy.

Data extracted from the charts and other patient records
were consolidated. Essential data were tabulated using

Microsoft Excel.

Statistical Methods and Data Analysis

This study utilized a purposive sampling for an
ambispective study design. A minimum sample of 72 was
required for this study based on 3.07% prevalence of re-
simulation rate on head and neck," 5% level of significance
and 4% desired precision.'?

Descriptive statistics were used to summarize the
demographic and clinical characteristics of the patients.
Frequency and proportion were used for categorical variables,
median and interquartile range for non-normally distributed
continuous variables, and mean and SD for normally
distributed continuous variables.

Independent sample T-test, Mann-Whitney U test,
and Fisher’s Exact/Chi-square test were used to determine
the difference of mean, rank and frequency, respectively,
between patients with initiating/undergoing radiotherapy
during the pandemic versus patients whose radiotherapy
done before the pandemic. Odds ratio and corresponding
95% confidence intervals from binary logistic regression
were computed to determine significant factors of repeat
simulation as well as its subgroup analysis among patients
with treatment interruptions. All statistical tests were two-
tailed tests. Shapiro-Wilk was used to test the normality
of the continuous variables. Missing values were neither

replaced nor estimated. Null hypotheses were rejected at
0.05a-level of significance. STATA 13.1 was used for data

analysis.
RESULTS

A total of 72 patients were included in the study with
an average age of 45 years (range: 7-82). Males (51.4%)
and females (48.6%) were equally represented. Among the
subsites, involvement of the nasopharynx was most common
(33.3%) while the remainder (36.1%) comprised of neck
primaries and the paranasal sinuses. Three patients (4.2%)
had metastatic disease to the neck from a distant primary.
'The majority of cases had a squamous cell histology (61.1%)
and locally advanced, non-metastatic stage IV disease
(59.7%). Non-squamous histologies included adenoid cystic
carcinomas, thyroid and cutaneous histologies, among others.
Use of chemotherapy was concurrent in 32 patients (45.1%)
and was used in the induction setting in only 5 patients
(7.04%). Aside from tumor site, baseline characteristics were
balanced between the pre-pandemic and pandemic groups
as displayed in Table 1.

In terms of radiotherapy, the population had a mean of
32.5 (SD =+ 17, 239) fractions and number of dose fractions
were not statistically different between the two groups (p =
0.425). Fractionation was mostly conventional (57 patients,
79.1%) with significantly higher percentage of patients
undergoing hypofractionation in the pre-pandemic group
(76.9% vs 23.1%, p = 0.029). Radiotherapy technique was
3D-conformal techniques (72.2%) for most patients in
both groups.

Median time to radiotherapy initiation for the entire
sample was 37 days (SD + 37, range of 0-278) from initial
CT simulation, and there was a paradoxical trend towards
shorter average delays during the pandemic (p = 0.774).
As outlined in Table 2, there is a significant difference
observed in the proportion of cases having repeat simulation
done between the groups (p = 0.007), with a higher repeat
simulation rate in the pandemic group (76.2% vs 23.8%).
A non-significant increase in delay from initial to repeat
simulation was observed in the pandemic group (170.5 vs
63 days, p = 0.216). Incidence of treatment interruptions
was higher in the pandemic group (64.0% vs 36.0%, p
= 0.118) though non-significant, with the interval from
stoppage to resumption displaying a higher trend as well
in this group (14.5 vs 6 days, p = 0.124). Overall treatment
time was similar in the subset of patients undergoing repeat
simulation in both groups (50 vs 61 days, p = 0.87) as well as
in the remainder of patients with no repeat simulation done
(48 vs 42.5 days, p = 0.67).

Changes in radiotherapy plan (13.9%) were among the
most common documented etiologies of repeat simulation,
the causes of which comprised of prescription changes and
addition or extension of radiotherapy fields. Other reasons
included tumor growth, shrinkage, and set-up changes.
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Table 1. Baseline clinico-demographic characteristics of the study population
Total (n = 72) Pre-pandemic (n = 35) Pandemic Period (n = 37)

Variable ————————— —————————————————— p-value
Frequency (%); Mean + SD; Median (IQR)
Age (years) 45.46 (16.6) 46.57 (15.4) 44.41(17.8) 0.584
Sex 0.155
Male 37 (51.4) 21 16
Female 35 (48.6) 14 21
Tumor Site 0.042
Nasopharynx 24 (33.3) 10 14
Oral Cavity 12 (16.7) 4 8
Oropharynx 1(1.4) 1 -
Larynx 4 (5.6) 2 2
Other Pharynx 2(2.8) - 2
Other Neck Primary 26(36.1) 18 8
Metastatic 3(4.2) 3 -
Tumor Histology 0.248
SCCA 44 (61.1) 19 25
Other 28(38.9) 16 12
Clinical TNM Stage at Time of Treatment 0.417
Benign 7(9.7) 4 3
| 1(1.4) - 1
Il 6(8.3) 3 3
1 15(20.8) 10 5
v 43 (59.7) 18 25
Total Number of Dose Fractions 32.5(17,2-39) 30 (25, 5-35) 33 (10, 2-39) 0.425
Fractionation 0.029
Hyperfractionation 2(2.8) - 2
Conventional 57 (79.2) 25 32
Hypofractionation 13(18.0) 10
Planning Technique 0.295
2D 2(2.8) 2 -
3D 52(72.2) 26 26
IMRT 18 (25.0) 7 11
Use of chemotherapy 0.488
Induction 5(7.0) 2 3
Concurrent 32 (45.1) 13 19
Sequential/Other 7(9.9) 4 3
None 7 (38.0) 16 11
Interval from initial CT simulation to first RT fraction 37 (45, 0-278) 47 (43,1-22) 29 (59, 0-278) 0.774

Table 2. Incidence of repeat simulation, treatment delays/interruptions and related data

Pre-pandemic (n =35)  Pandemic Period (n=37)  p-value

Parameter
Frequency (%)
Interval from initial CT simulation to first RT fraction (days) 47 (43, 1-22) 29 (59, 0-278) 0.7740
Repeat simulation rate 5(23.8) 16 (76.2) 0.0070
Pre-pandemic (n = 5) Pandemic Period (n = 16)
Parameter _—
Mean * SD; Median (IQR)

Interval from initial to repeat simulation (days) 63 (84, 20-253) 170.5 (84.5, 14-261) 0.2160
Overall treatment time (days) 61 (81, 25-221) 50 (97.5, 3-329) 0.6793
Overall treatment time for patients without repeat simulation (days) 42.5 (38, 5-66) 48 (18, 10-75) 0.7302
Patients with treatment interruptions 9(25.7) 16 (43.2) SS
Interval from treatment stoppage to treatment continuation among those 6(36.5, 2-207) 14.5 (73, 4-303) 0.1240

with delay (days)
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Table 3. Incidence of etiologies of repeat simulation among

respondents
Reason for repeat simulation s Number i
occurrence (%) patients (n = 72)
Radiotherapy plan changes 13.9 10
Tumor growth 6.9 5
Tumor shrinkage 5.6
Set up changes 2.8 2

A summary of the number of patients affected and their
corresponding percentages are displayed in Table 3.

On multivariate regression analysis and adjusting for
all other factors as displayed in Table 4, pandemic grouping
was significantly associated with repeat simulation, with
participants treating in the pandemic period having higher
odds of having a repeat simulation than those treated
pre-pandemic (p = 0.007; odds ratio (OR) 7.61, 95% CI
1.75-33.20). The interval from initial CT simulation to
RT initiation was also significantly associated with repeat
simulation. Those who had an interval of more than 28
days had a higher incidence of repeat simulation (p = 0.005,
OR 13.59; 95% CI 2.2382.87). An interval from treatment
stoppage to treatment continuation of more than 14 days
also had a significantly higher odds of repeat simulation as
compared to those patients experiencing no delays mid-
treatment (p = 0.004, OR 23.21; 95% CI 2.79-193.29).
However, there is no sufficient evidence to conclude that
those who had an interval from treatment stoppage to
treatment continuation of fewer than 14 days had different

odds of having a repeat simulation than those who have no
delays (p = 0.757, OR 0.76; 95% CI 0.13—4.43).

DISCUSSION

The need for repeat simulation and planning represents
a deleterious effect of treatment delay, resulting in additional
expense, radiation exposure, and further delay. Head and

neck sites are commonplace for repeat CT simulations,
largely due to changes in anatomy from the aggressive
nature of such tumors.” The necessity for repeat planning is
paramount with more conformal therapies such as intensity-
modulated radiotherapy (IMRT) becoming available, where
it is deemed essential in ensuring adequate target doses and
safe normal tissue exposure.”"

In this study that included non-metastatic, locally
advanced head and neck cancers, as well as primary cancers
metastatic to this location, the median time to radiotherapy
initiation was 37 days, with a range from zero to as much
as 278 days. Such protraction is known to be detrimental to
oncologic outcomes, given that this interval should ideally
not exceed 40 days from diagnosis, to preserve tumor control
and survival.™ Consequently, a significant association was
observed between such interval with the likelihood of repeat
simulation, as a surrogate outcome for tumor progression.
Those who had an interval from initial CT simulation to
first radiotherapy fraction of more than 28 days had 4.77
times higher odds of having a repeat simulation than those
who had an interval shorter than a month. Those who
had mid-treatment delays more than 14 days also notably
had a significantly higher chance of repeat simulation by
more than twenty-fold.

For head and neck cancers, locoregional recurrence rates
and absolute survival are significantly associated with delay
of treatment initiation.">® Radiobiologic models, as well
as systematic reviews on clinical outcomes, have suggested
that postponement of treatment caused by referral delays
and increasing waiting times are associated with increased
tumor doubling times and worse tumor control probability.!®
A study evaluated the effect of waiting times on tumor
progression among head and neck cancers and found that
62% of patients had a measurable increase in tumor volume
with a median of 46% increase in a median duration of 28
days or 4 weeks. Another study noted a significant increase
in the gross tumor volume of a median 16% over a median

13 days.'

Table 4. Association of Pandemic Period Group, Delayed Radiotherapy Initiation, and Interruptions with Likelihood of Repeat

Simulation

Odds Ratio

Multivariable
95% Cl

Univariable

95% Cl Odds Ratio

Pandemic Group

p-value

p-value

Pre-pandemic Ref. Ref.

Pandemic Period 4.57 [1.45,14.42] 0.010 7.61 [1.75,33.20] 0.007
Interval from initial CT simulation to first RT

<28 days Ref. Ref.

228 days 5.77 [1.51,22.03] 0.010 13.59 [2.23,82.87] 0.005
Interval from treatment stoppage to treatment continuation

No delay Ref. Ref.

Delay <14 days 1.71 [0.38,7.74] 0.487 0.76 [0.13,4.43] 0.757

Delay =214 days 18.38 [3.50,96.36] 0.001 23.21 [2.79,93.29] 0.004

95% Cl - 95% Confidence Interval; Ref. - Reference
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The sample studied was representative of the typical
treatment census in this institution, comprising of a high
proportion of nasopharyngeal cancers as well as occasional
metastatic lesions from sites other than the head and neck.
Unsurprisingly, a significantly higher incidence of repeat
simulation and radiotherapy planning was observed in
patients treated during the pandemic (76.2% vs 23.8%).
Radiotherapy plan changes were the most common
documented etiology of repeat simulation and this broad
category consisted of prescription changes and addition or
extension of radiotherapy fields. Other reasons included
tumor and set up changes, although it can be surmised that
tumor growth was a frequent occurrence given the nature of
plan changes compensating such anatomic progression.

Quarantine measures during this pandemic have indeed
adversely affected outcomes in this study population, with a
significant six-fold probability of having a repeat simulation
in the group treated during the pandemic. Furthermore,
in this group of patients undergoing repeat simulation, a
trend toward a longer interval to the start of radiotherapy
after re-simulation was noted during the pandemic (170
days vs. 63 days). Overall treatment time among patients
undergoing repeat simulation was just slightly lower in the
pandemic group (50 vs 61 days) but was slightly higher in
the same group for those with no repeat simulation (48 vs 42
days), although non-significant in both cases. This quantity
representing delay is consequential to the likelihood of tumor
progression, with a study defining overall treatment time
prolongation as more than 56 days for definitive cases and
more than 49 days for post-operative cases."”

In line with this, radiotherapy should be delivered at
the earliest opportunity if the treatment is curative, given
that there is as much as 16% increase risk of death for every
month of delay of radiotherapy.” Data is robust based on
well-established guidelines that time is of the essence for
head and neck cancers and that treatment protraction is to
be avoided, even in this time of pandemic.

CONCLUSION

To conclude, our team conducted a retrospective analysis
to determine the incidence of repeat radiotherapy simulation
and planning in patients diagnosed with cancer localized
to the head and neck region, as well as to describe patient-
related, radiotherapy-related, and/or other factors that may
associate with such outcomes in this population during the
COVID-19 pandemic.

This cohort of patients included those undergoing
treatment up to six months into the pandemic and at this
time, a higher incidence of repeat simulation was observed as
compared to a similar group before the pandemic. Treatment
interruptions were more common among those treated
during the pandemic and along with delayed initiation,
were both significantly associated with the likelihood for
repeat simulation. With further backlogs encountered from
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a limited treatment census and restrictive logistics during
this pandemic, strategies should be employed to prevent
the occurrence of disease progression. Such is manifested
with these outcomes in head and neck cancer patients,
where there is a need to address the logistical and resource
burden that arises with such unplanned, repeat radiotherapy
planning.

Recommendations

The limited population sample restricts formulating
conclusions on causality for the variables of delay that have
been correlated with the incidence of repeat simulation.
Given that the sample was computed to fulfill the primary
objective of determining the repeat simulation rates and
detecting a significant difference between the groups based
on pandemic period, further inclusion of all head and neck
cancer patients seen in the institution may rectify this
limitation and allow for in-depth multivariate analysis.
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