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Abstract:

Importance: The COVID-19 pandemic is currently accelerating. Patients with locally advanced non-small cell
lung cancer (LA-NSCLC) may require treatment in locations where resources are limited and the prevalence of
infection is high. Patients with LA-NSCLC frequently present with comorbidities that increase the risk for severe
morbidity and mortality from COVID-19. These risks may be further increased by treatments for LA-NSCLC.

Observation: We present expert thoracic oncology multidisciplinary (radiation oncology, medical oncology,
surgical oncology) consensus of alternative strategies for the treatment of LA-NSCLC during a pandemic. The
overarching goals of these approaches are to reduce the number of visits to a healthcare facility, reduce the
risk of SARS-CoV-2 exposure, and attenuate the immunocompromising effects of lung cancer therapies.
Patients with resectable disease can be treated with definitive non-operative management if surgical resources
are limited or the risks of perioperative care are high. Non-operative options include chemotherapy,
chemoimmunotherapy, and radiation therapy with sequential schedules. The order of treatments may be based
on patient factors and clinical resources. Whenever radiation therapy is delivered without concurrent
chemotherapy, hypofractionated schedules are appropriate. For patients who are confirmed to have COVID-
19, usually cancer therapies may be withheld until symptoms have resolved with negative viral test results.

Conclusions _and Relevance: The risk of severe treatment-related morbidity and mortality is significantly
elevated for patients undergoing treatment for LA-NSCLC during the COVID-19 pandemic. Adapting alternative
treatment strategies as quickly as possible may save lives and should be implemented through communication
with the multidisciplinary cancer team.

Keywords: Non-small cell lung cancer, locally advanced, COVID, SARS-CoV-2

Introduction:

The novel betacoronavirus SARS-CoV-2 that results in coronavirus disease 2019 (COVID-19) has led
to a global pandemic. As of this writing, over 1.3 million cases have been diagnosed in the world and
the incidence continues to rise.! As a result, healthcare facilities in many areas are becoming or have
already become resource-constrained. Locally advanced non-small cell lung cancer (LA-NSCLC)
continues to be diagnosed, many patients are symptomatic at the time of diagnosis, and patients may
suffer from progression of their disease if initiation of treatment is delayed. Patients must be made
aware that LA-NSCLC is a life-threatening disease that requires treatment, while both the workup and
treatment may increase their risk of exposure to COVID-19. Cancer therapies can lead to prolonged
immunocompromised states that may affect the probability of severe infection-related morbidities and
mortality. Their treatments require multiple visits to healthcare facilities that put them at high risk for
COVID-19. As such, an urgent need has emerged to consider alternative management options that
may save lives.

Due to the novel nature of the SARS-CoV-2 virus, there are limited data regarding the long-term
benefits or costs of modifications to the standard of care which are made due to risks of infection or
constrained resources. However, LA-NSCLC patients often cannot wait for treatment to start at a time
that data are available, risks of infections have completely passed, or resources are plentiful. Clinical
judgment will be necessary to decide whether a modification in the standard of care is warranted.

Currently, several organizations including the American Society of Radiation Oncology (ASTRO) and
American Society of Clinical Oncology (ASCO) have published recommendations for cancer care
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during the COVID-19 pandemic.>® A more radiotherapy-focused addition was a consensus statement
that was recently published on April 1, 2020 by the European Society of Radiation Oncology
(ESTRO) and ASTRO that covered various clinical scenarios for lung cancer radiotherapy.® The
ESTRO-ASTRO consensus was developed though a modified Delphi process with 32 experts in
radiation oncology. Adding to this consensus statement, the report submitted herein presents a
focused set of recommendations for managing LA-NSCLC that were developed by a multidisciplinary
panel of 11 experts in radiation, medical, and surgical oncology using a series of virtual meetings and
discussions. A summary of these recommendations can be found in Table 1.

Why Consider Alternative Treatment Strategies?

Patients with LA-NSCLC are generally older and frequently present with high-risk comorbidities that
may limit their ability to survive a COVID-19 infection. The evidence for factors that contribute to
COVID-19 related mortality continues to emerge, and may include baseline co-morbidities that are
common in patients with lung cancer which includes poor pulmonary reserve due to chronic lung
disease, cardiac disease, diabetes, and other comorbidities.”>™ Patients may also have symptoms
related to lung cancer that may mask evidence of COVID-19 and delay detection.

Unfortunately, treatments for LA-NSCLC require numerous visits and exposures to healthcare
facilities that increase patient and healthcare provider risks of acquiring COVID-19. Surgical care may
entail multiple cycles of induction chemotherapy followed by perioperative care that requires
hospitalization and carries high risks for patients and healthcare staff. Non-operative treatments
generally require 6 weeks of daily chemoradiation followed by 12 months of durvalumab delivered
every 2 weeks. Whether treated with surgery, radiation therapy, or systemic therapy, each of these
treatments can be immunosuppressive and impair patients’ ability to clear the virus. Published data
from China and Italy have shown that the mortality risk of COVID-19 in patients with cancer is high, a
finding that may be the result of malignancy, treatment effects, or likely both.*** Those who had
undergone recent anti-tumor therapies including surgery, chemotherapy, and radiation therapy were
particularly at risk. While these recent reports were retrospective, evaluated small cohorts, and had
methodological limitations, they bring attention to the potential consequences of viral related
pneumonia, acute respiratory distress, and sepsis that can occur as a result of COVID-19 in patients
undergoing treatment for LA-NSCLC.

Meanwhile, alternative treatment strategies for patients with LA-NSCLC, as discussed below, offer
opportunities to mitigate risks of harm by reducing patient exposures to healthcare facilities and the
immunocompromising effects of potentially toxic treatments. The risks of making these changes likely
have minimal impacts on overall survival and should be weighed against the risk of death and
disability from developing COVID-19.

Pathological Diagnosis and Nodal Staging During a Pandemic

All diagnostic procedures increase the risk for exposure to COVID-19 . At this time, a pathological
diagnosis of malignancy may be sufficient to initiate treatment for LA-NSCLC rather than rescheduling
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a repeat biopsy for further subtyping, unless specific oncogenic mutation would affect management.
The priority to stage the mediastinum with bronchoscopy and mediastinoscopy may need to be
revisited during a highly infectious pandemic given these procedures may increase the risk of
contracting COVID-19 for patients and staff due to their aerosolized nature.***3 Availability of invasive
staging procedures may ultimately be limited since pulmonologists and surgeons are increasingly
needed for critical care services, operating room time may be unavailable, and therefore initiation of
treatment should not be delayed if these procedures cannot be performed in a timely manner. Nodal
staging by imaging has relatively high accuracy and can be an appropriate substitute at this time.***°
18F-FDG-PET/CT scans have high sensitivity for occult regional and distant disease and can also
help define treatment targets for radiation therapy planning.” Acquisition of PET/CT images requires
considerably more time (hours) in radiology departments than contrast-enhanced CT (minutes) and
the limitations of each should be considered. In the event that PET/CT staging is not available,
staging can be performed by CT alone by categorizing any mediastinal lymph node > 1 cm on short-
axis diameter as positive and therefore should be targeted with radiation therapy.’®'°® However,
patients who are staged without an 18F-FDG-PET/CT should be informed that CT alone is not as
sensitive or specific. Ultimately, all LA-NSCLC cases should be carefully reviewed with a radiologist
for input on the malignant appearance of lymph nodes and opinions on defining radiotherapy
treatment targets if non-surgical managements are pursued. In the absence of pathological
mediastinal staging, radiation oncologists should consider targeting all hypermetabolic (or enlarged
on CT scan) lymph nodes with definitive doses.

Surgical Management

Surgery plays a key role in the treatment of patients with single-station and low volume Stage IIIA
NSCLC. Surgical decisions are typically guided by careful patient-centered risk-benefit assessments,
but currently healthcare resource allocation and risk to the treatment team must be included in that
challenging decision. The Centers for Disease Control, American College of Surgeons, and numerous
government agencies have recommended cancellation of elective surgery during the global pandemic
and creation of a tiered system for prioritization of other surgical procedures.’®* Lung cancer
resections fall into the scope of Medically Necessary Time Sensitive (MeNTS) procedures.” For
patients with LA-NSCLC who have completed induction therapy, the time sensitivity is particularly
crucial, as the window for meaningful and safe surgical intervention typically spans over a 4 to 12
week period. Unfortunately, exposure risks and resource utilization for lung resections are high; they
require general anesthesia, manipulation of the aero-digestive tract, and a hospital stay. The decision
of whether to proceed with surgery is highly dependent on the current phase of the pandemic at the
treating institution. Those in the early phase, where there are adequate healthcare resources,
(operating rooms, ventilators, hospital beds, surgeons, and anesthesiologists) may choose to proceed
while those in the later stages will have little choice but to defer planned resections. While there is an
argument that a brief operative intervention for stage | disease might only require a 1-2 night hospital
stay and produce less exposure risk and resource utilization than radiation therapy, the same does
not apply for LA-NSCLC where the potential post-induction hilar and mediastinal fibrosis increases
the risk for an open procedure (if delayed beyond the “window of opportunity”), prolonged hospital
stay, and perioperative complications. Early reports of severe COVID-related complications and high
post-operative mortality in asymptomatic infected patients undergoing elective operations are
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sobering, and resources in most communities do not allow for pre-operative screening of
asymptomatic patients.?* Some centers recommend a CT scan immediately prior to surgery to look
for early bilateral pulmonary infiltrates, but uniform recommendations do not currently exist.
Unfortunately, the accessibility of surgery for lung cancer patients will become more limited over the
coming weeks and we need to consider alternative treatment strategies. Most of these patients who
would normally have surgical management of their locally advanced lung cancer may instead receive
non-surgical management due to constrained resources and risks associated with perioperative
management.?>?® Therefore, non-operative management of surgically resectable LA-NSCLC patients
should be considered.

Non-Operative Management

There are two key dilemmas for the non-operative management of LA-NSCLC. The first relates to the
general approach of treatment with 6 weeks of concurrent chemoradiation therapy followed by
consolidation durvalumab given every 2 weeks for an additional 12 consecutive months. The
frequency and duration of these treatments subject patients, healthcare providers, and other
potentially immunocompromised cancer patients to high risks of acquiring a SARS-CoV-2 infection.
The second dilemma relates to the immunocompromising effects of chemotherapy and radiation
therapy which are increased whenever given concurrently 5 days a week for 6 consecutive weeks.
Each of these dilemmas creates a high-risk environment for an intercurrent COVID-19 that will
generally lead to a treatment interruption which is known to increase mortality.?’ Strategies to mitigate
these risks are described below.

The use of sequential radiation and chemotherapy offers an opportunity to reduce the combined
immunosuppressive effects of concurrent chemoradiotherapy and deliver a treatment that is better
tolerated. This recommendation is based on randomized data that demonstrates higher rates of grade
3 or higher leukopenia with concurrent schedules for LA-NSCLC and the finding that lymphopenia
can predict disease severity in COVID-19 patients.?®*° Such a modification requires careful
coordination between medical oncologists and radiation oncologists if this approach represents an
unfamiliar paradigm and schedule. Sequential therapies minimize the incidence of treatment-related
pneumonitis which may enable providers to differentiate potential signs of viral illness from the side
effects of therapy. While the overall survival benefits with concurrent chemoradiation versus
sequential therapy were established with randomized phase Il data, the absolute benefit is modest
relative to toxicity and it's unclear how relevant this is for contemporary patients with improved
staging (PET/CT) and use of consolidation immunotherapy.®

Whenever considering sequential therapy, the order of which therapy to initiate first should be based
on clinical and situational factors such as patient symptoms, rate of progression of disease, overall
disease burden, and available resources, amongst other factors. Upfront radiation therapy should be
considered whenever tumors are either causing or likely to cause symptoms due to the presence of
hilar disease, bronchiallvascular compression, atelectasis, pulmonary symptoms, and pneumonia.*
Patients without these features may be best treated with upfront systemic therapy followed by
radiotherapy alone or chemoradiotherapy. Upfront systemic therapy decreases patient exposure to
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one Vvisit every several weeks and postpones initiation of daily radiation therapy treatments.
Lymphopenia has been shown to predict disease severity in COVID-19 patients.*® Thus it stands to
reason that limiting exposures while patients are experiencing chemotherapy-induced lymphopenia
may be beneficial.

The use of durvalumab should also be considered in these patients. This is a recommendation that is
based on the phase Ill PACIFIC trial where 25.3% of patients received induction chemotherapy
followed by chemoradiation therapy before receiving durvalumab.®® Patients on the PACIFIC trial
received concurrent chemoradiation, and the use of sequential chemotherapy and radiation followed
by durvalumab is currently being investigated on the PACIFIC 6 trial.** Following radiotherapy and
chemotherapy, consideration can be made to deliver durvalumab at a dose of 1500 mg every 4
weeks (instead of every 2 weeks) since this is a schedule that has been used in other trials.**" Per
the PACIFIC trial, administration of durvalumab can be given up to 6 weeks after chemoradiation. On
an unplanned subgroup analysis those patients that were able to initiate therapy with durvalumab
within 14 days had better outcomes, but these data are confounded by multiple variables.*

Patients treated with sequential therapy have an opportunity to be treated with a hypofractionated
schedule with treatment courses as short as 3 weeks. Multiple studies have demonstrated such an
approach to be safe and effective.®®*° Shorter courses have been associated with decreased
immunosuppression in other cancers such as leukemia and pancreatic cancer.**™ This may offer
advantages for LA-NSCLC, although minimizing the number of visits may provide the most risk
reduction. Approaches employing 15 and 20 fraction schedules preceded the current pandemic and
have already been demonstrated to be safe and effective. Short courses can be delivered with either
induction or adjuvant chemotherapy or chemoimmunotherapy. Standard chemotherapy schedules
can be referenced in evidence-based guidelines such as those found in the National Cancer Network
Guidelines with consideration of schedules that minimize the frequency of visits to a healthcare
institution.** Table 2 summarizes commonly used hypofractionated schedules for locally advanced
lung cancer. The use of intensity modulated radiation therapy (IMRT) techniques is encouraged for
hypofractionation as it can minimize the volume of normal tissues exposed to the prescription dose.
Whenever normal organ dose constraints cannot be met during hypofractionated radiotherapy
treatment planning, radiation oncologists should consider delivering the full prescription dose to the
gross tumor volume (GTV) and a planning treatment volume (PTV) margin while reducing the dose
prescribed to the clinical treatment volume (CTV) and a PTV margin. This can be often achieved with
IMRT using a simultaneous integrated boost technique.*

Regarding the definition of radiation treatment volumes, we urge our colleagues to avoid elective
lymph node irradiation which is an outdated approach to the radiotherapeutic management of LA-
NSCLC.**® The extension of target volumes to include even one nodal stage superiorly and/or
inferiorly increases the risk of treatment-related immunosuppression and pneumonitis that may mask
early symptoms of COVID-19. If contouring nodal stations with CT alone, radiation oncologists should
consider including any lymph nodes > 1 cm in the short-axis (not greatest dimension). Also, daily
image guidance using conebeam CT may help to assess development of infiltrates in asymptomatic
patients.
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If there is a preference to deliver concurrent chemoradiation, then induction chemotherapy may be
considered to delay the time to when patients need to come in for daily chemoradiotherapy
treatments. Results from randomized phase Il and lll trials support such an approach after having
compared chemoradiotherapy with or without induction chemotherapy and shown similar survival
rates.**>! While the use of induction chemotherapy prolongs the total length of treatment, it offers an
opportunity at this time to delay initiation of chemoradiotherapy which requires daily visits at facilities
that may soon be resource-constrained.

COVID-19 Infected Patients

Once a patient with LA-NSCLC develops COVID-19, specific patient and treatment factors should be
considered before the decision is made to hold or continue therapy. These factors include patient
symptoms, status and growth rate of NSCLC, and available resources within the healthcare facility,
among other factors. If a patient has a significant obstruction, hemoptysis, or other symptoms that
may be alleviated by oncologic treatment, treatment should be considered. This may be radiotherapy
alone to decrease the chance of chemotherapy induced lymphopenia, which may adversely affect
outcomes from a COVID-19 infection. If patients with COVID-19 infections are to be treated,
strategies such as strict personal protective equipment use for patients and staff, physical separation
of infected and uninfected patients, and frequent and robust sanitation of equipment should be
implemented. For patients receiving radiotherapy, if separate waiting rooms, changing facilities, and
different machines can be used, this may be ideal. Treating patients with COVID-19 at the end of the
day and thoroughly cleaning all facilities may also limit the spread of the virus. These strategies have
been described in depth in reports from China, Italy and the United States of America.>*™>°

Meanwhile, a patient who tests positive for COVID-19 and is asymptomatic, may still be considered
physiologically unfit to tolerate any further lung cancer therapies as many patients develop worsening
symptoms in the second week of infection.>® Early studies have shown that COVID-19 can lead to
acute respiratory distress syndrome with pathological changes such as destruction of the alveoli and
cellular fibromyxoid exudates.’’® These pathologic changes may lead to permanent destruction of
lung tissue. This also leads to an increase in inflammatory biomarkers which have been correlated to
severity in COVID-19 patients.>® Similarly, serum inflammatory cytokines have been shown to be
predictive of both thoracic toxicity and survival following thoracic radiotherapy.®®®* While these data
raise concerns, we are not entirely sure how they can manifest in patients with COVID-19 as the data
on this pandemic are still emerging and the degree of morbidity seen has been variable. The effects
of the virus and lung cancer therapies may simultaneously damage pulmonary tissue and increase
the chance of pneumonitis. This may be further worsened if patients’ immune systems are
compromised and patients are unable to efficiently clear the virus. It is recognized that treatment
delays or interruptions for lung cancer may lead to worse oncologic outcomes.?’

For patients with COVID-19, the clinical focus should include aggressive and supportive care with
consultation of infectious disease and critical care specialists with possible enrollment into clinical
trials directed at COVID-19. These efforts can help restart cancer therapy as soon as possible. It is
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important to emphasize that the challenges of managing patients with COVID-19 are best avoided by
the strategies recommended above in order to prevent an infection in the first place.

Preserving Effective Communication and a Multidisciplinary Approach

Communication must be frequent with all healthcare providers who may be unfamiliar with any of the
recommended alternative treatment approaches. Clinicians should have heightened awareness about
the importance of careful and thorough documentation, especially if cross-coverage is needed in the
event of an unexpected event. Multi-disciplinary tumor board reviews should continue to be held for
all patients, even remotely if needed at this time. This ensures thoughtful reviews for each and every
case with input from radiologists as mentioned above. It also affords an opportunity for medical
oncologists to discuss the risks and benefits of different systematic treatment approaches in the
context of COVID-19 risk and allows radiation oncologists to describe the rationale for alternative
treatment schedules. Clinicians also need to have careful and informative conversations with each
patient regarding any deviations from the standard of care. Topics such as risks, benefits, and
reasoning for these deviations must be explained so that they can have a proper understanding of the
trajectory of their care. The wishes of the patient must also be factored into how each patient is
managed. Patients should also be counseled to self- isolate during treatment to reduce the risk of
infection to themselves and other cancer patients.

Final Considerations Regarding Lung Cancer Stigma and Nihilism

Recent reports in the media indicate that healthcare systems are taking measures during the global
pandemic to ration resources that may limit access to care for patients living with lung cancer. This
includes restricting access to a ventilator if they develop respiratory distress for any reason whether
related to COVID-19 or not. Healthcare administrators and colleagues taking care of these acutely ill
patients on the front line may be largely unaware of recent advances in lung cancer care and the
opportunity for long-term survival in all lung cancer patients regardless of stage. Efforts to protect
against nihilism may be therefore needed more than ever before. Educating our colleagues and citing
evidence may be helpful, such as pointing to recent results from the PACIFIC trial demonstrating 3
year overall survival of 66% in patients with LA-NSCLC in patients treated with chemoradiotherapy
and consolidation durvalumab.®

Conclusions

Patients with newly diagnosed LA-NSCLC are a vulnerable population during the COVID-19 global
pandemic. Standard of care strategies with surgery, radiation therapy, and systemic therapies can
take a long time to deliver and expose patients to multiple visits to healthcare facilities. Patients who
are confirmed to have COVID-19 should be considered to have their cancer therapies withheld until
they are fully recovered. However, the initiation of treatment for patients without an infection should
not be delayed. The alternative treatment strategies that are presented in this report can reduce risk
and should be considered for each patient while the global pandemic persists. Some surgical,
radiation, and medical oncology practices may be currently operating in geographic locations that
have not yet been hit by this pandemic. However, with this pandemic having reached across the
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globe, the authors urge all oncologists to consider these measures to optimize patient outcomes until
this current crisis is over.

Table 1: A summary of the expert recommendations of modifications to the standard of care during times of increased risk
of infection or constrained resources.

Topic Recommendation

Hilar and mediastinal staging Consider staging the mediastinum with 18F-FDG-PET/CT and avoid invasive
mediastinal staging with endobronchial ultrasound and/or mediastinoscopy

If 18F-FDG-PET/CT is not available, consider staging the hilum and mediastinum
with a CT with contrast

Surgical management The decision of whether to proceed with surgery is highly dependent on the current
phase of the pandemic at the treating institution.

Avoid surgery in SARS-CoV-2 positive patients, even if asymptomatic. Pre-
operative CT of the chest may help detect asymptomatic carriers of SARS-CoV-2
prior to surgery

Non-operative management of LA-NSCLC may be utilized

Chemoradiation Consider sequential chemoradiation

If using sequential therapy, the decision of whether to pursue systemic therapy or
radiation first will depend on clinical factors and available resources

Consider induction systemic therapy
Consider durvalumab after concurrent or sequential chemoradiation

If utilizing durvalumab after chemoradiation, consider g4 week dosing or delaying
initiation of durvalumab (within 42 days)

Radiation techniques Utilize IMRT with a hypofractionated schedule
Elective nodal coverage is not needed and may increase toxicity
In the absence of pathological hilar or mediastinal staging treat all hypermetabolic

lymph nodes as if they are positive for disease. If CT with contrast was used alone,
consider treatment of all lymph nodes > 1 cm in short axis

Treating SARS-CoV-2 infected | The decision to treat these patients depends on patient and disease factors and
patients availability of resources.

Consider treatment in patients who have tumor obstructions, hemoptysis or are
symptomatic from their LA-NSCLC, especially if there are not better alternatives

Consider holding treatment in patients who are symptomatic from the infection and
whose malignancy would most likely not progress during the delay/interruption

Focus of care should shift to supportive/anti-infectious methods, so that the patient
can resume optimal oncologic therapy as soon as possible. In these patients
oncologic care can be resumed when symptoms have resolved and the patient
tests negative

Communication Robust communication is needed with all members of the patient’s care team

Deviations from the standard of care should be discussed in multidisciplinary tumor
board
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The patient must be made aware of the risks and benefits of treatment, including
deviations in the standard of care
Avoiding nihilism We must advocate for our patients as many have good outcomes
Table 2: Commonly used hypofractionated radiation therapy schedules for LA-NSCLC
Total Dose Number of [ Dose per Fraction Biologically References
Fractions effective dose (a/f
ratio = 10)
60 Gy 15 4 Gy 84 Gy e
60 Gy 20 3Gy 78 Gy 0.7t
55 Gy 20 2.75 Gy 70 Gy fa-ra
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