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As of April 6, 2020, there are over 1,200,000 reported cases and 70,000 deaths worldwide due to COVID-
19, the disease caused by the SARS-CoV-2 virus, and these numbers rise exponentially by the day [1].
According to the Centers for Disease Control (CDC), the most effective means of minimizing the spread
of the virus is through reducing interactions between individuals [2]. We performed a review of the lit-
erature, as well as national and international treatment guidelines, seeking data in support of the RADS
principle (Remote visits, Avoid radiation, Defer radiation, Shorten radiation) [3] as it applies to gastroin-
testinal cancers. The purpose of the present work is to guide radiation oncologists managing patients
with gastrointestinal cancers during the COVID-19 crisis in order to maintain the safety of our patients,
while minimizing the impact of the pandemic on cancer outcomes.
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As of April 6, 2020, there are over 1,200,000 reported cases and
70,000 deaths worldwide due to COVID-19, the disease caused by
the SARS-CoV-2 virus [1]. According to the CDC, the most effective
means of minimizing the spread of the virus is through reducing
interactions between individuals. Patients with cancer are at par-
ticularly high risk of becoming infected with COVID-19 [4] and of
developing severe complications or dying of the disease [5]. In fact,
in one report detailing the incidence and outcomes of COVID-19
infection in a cohort of cancer patients treated at a tertiary cancer
center in Wuhan, the rate of death was a staggering 25% [6].

Clinicians caring for cancer patients during this pandemic must
carefully balance efforts to minimize patient visits to the hospital,
while still adequately treating their malignancies. Not only must
there be a change in practice in order to minimize the number of
patient visits to the clinic to decrease the risk of exposure to coro-
navirus, but practices may be forced to change due to operating
room closures and staff shortages, as employees become ill and
are forced to stay home and quarantine. As inpatient wards are
becoming less safe for cancer patients due to the increased risk
of exposure to the disease, treatment of patients in an outpatient
setting is preferred when possible.

During the COVID-19 pandemic, the RADS framework laid out
by Zaorsky et al (Remote visits, Avoid radiation, Defer radiation,
Shorten radiation) should be followed [3]. Radiation therapy
should be deferred or not recommended, e.g. when the evidence
for benefit is controversial or the overall benefit to the patient is
estimated to be small. The National Institute for Health and Care
Excellence issued a guideline which includes a risk stratification
system for patients needing radiation to help in making manage-
ment decisions [7]. When radiation therapy is indicated, efforts
should be made to reduce the number of treatment fractions deliv-
ered. Reducing the number of patients receiving radiation therapy,
as well as the number of treatments received, is critically impor-
tant during the COVID-19 pandemic, not only to benefit the patient
being treated, but also for a number of other reasons beyond the
individual benefit. First, it minimizes exposure and risk of all
patients and staff to the virus. Second, radiation therapy, especially
when delivered concurrently with chemotherapy, may cause lym-
phopenia which is likely to persist over the course of therapy,
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resulting in immunosuppression and thus increased susceptibility
to the virus. This can be minimized with shorter treatment courses,
or sequential versus concurrent chemo-radiation therapy (CRT).
Finally, each time a COVID-19-positive patient is treated, treat-
ment rooms and machines must be decontaminated, resulting in
over-utilization of resources, currently in limited supply.

While reduction in treatment may be necessary for patient
safety, and due to resource limitations, it is important to follow
safe practices and to respect organ at risk constraints. Therefore,
recommendations provided below are based on data showing the
safety and efficacy of alternative treatment approaches. It is impor-
tant to keep in mind that practices are likely to have varying con-
straints in terms of supplies and personnel depending on location,
thus the following recommendations may not apply to all clinics
equally. Furthermore, we acknowledge that countries and institu-
tional practices may differ in their approach to treatment, as evi-
denced by variable recommendations by contributing authors for
certain subsites in this manuscript. Thus, there may be variation
in practice among institutions.

We performed a review of the literature, in addition to national
and international treatment guidelines, seeking data in support of
reducing radiation treatment delivery. It should be noted that
while data-driven, not all recommendations are based on level 1
data and thus these recommendations are intended to guide clini-
Table 1
Summary of Best Practices in managing GI malignancies with radiotherapy in the Time of

Disease site Clinical scenario Recommended

Esophageal Operable Concurrent CR

Inoperable Definitive CRT

Palliative RT

Gastric Operable Peri-op
chemotherapy

Resected Chemotherapy
Palliative Palliative RT

Liver Hepatocellular carcinoma TACE/Y90 or S
Liver metastases Chemotherapy

RFA or SBRT

Cholangiocarcinoma Operable Induction
chemotherapy

Inoperable Induction chem

Pancreas Resectable Neoadjuvant
chemotherapy

Borderline Resectable Neoadjuvant
chemotherapy
BR ? RT^

Inoperable Chemo alone;
or stable disea
metastases ?

Rectal Locally advanced operable Induction
chemotherapy

Inoperable Induction chem

Anal All non-metastatic cases RT and concur
chemotherapy

Abbreviations: CRT, chemoradiotherapy; RT, radiation therapy; FOLFOX, 5-fluorouracil, le
90; SBRT, stereotactic body radiation therapy; BR, borderline resectable; Gy, gray; Fx, fr
*Some authors suggest induction chemotherapy with either FOLFOX or carboplatin/pacl
^Neoadjuvant radiation was not universally recommended in the case of BR pancreatic
Please note, the above fractionation schemes are only recommended if the organ at risk
cians managing patients with gastrointestinal cancers whose
resources (specifically the operating rooms) have been heavily
strained by the COVID-19 pandemic. The purpose of the present
work is to help clinicians maintain the safety of our patients with-
out compromising cancer outcomes, during a time when treatment
practices are being forced to change week to week or even day to
day. Table 1 summarizes the recommendations laid forth in this
document.

Esophageal cancer

1. Early stage esophageal cancer (adenocarcinoma and SCC):
a. T1aN0: Endoscopic mucosal resection.
b. T1bN0: Surgery alone if possible [8,9].
c. T2N0: Surgery alone for adenocarcinoma and neoadjuvant

CRT for SCC [10].

2. Locally advanced (T2N+ or T3+/Nany) operable esophageal
carcinoma:
a. Neoadjuvant CRT: Pre-operative CRT is a standard of care

and should be given using the shortest fractionation scheme
possible. Based on the CROSS trial, 41.4 Gy in 23 fractions
with concurrent weekly carboplatin/paclitaxel is preferred
[11]. In centers where staffing is particularly limited, and
COVID-19.

treatment Notes on radiation

T* 41.4 Gy/23 Fx
OR
40 Gy/15 Fx
with concurrent FOLFOX or carboplatin/paclitaxel

* 50 Gy/25 Fx
OR
45–50 Gy/15 Fx
20 Gy/5 Fx for dysphagia;
6–8 Gy/1 Fx for bleeding or pain

? surgery
No RT

alone No RT
6–8 Gy/1 Fx

BRT 30–60 Gy/3–5 Fx
? resection or 16–30 Gy/1–3 Fx

OR
48–60 Gy/3–5 Fx

? surgery
No RT

otherapy ? RT 67.5 Gy/15 Fx
OR
30–60 Gy/3–6 Fx

? surgery
No RT

? restage; if still
30–33 Gy/5 Fx if SBRT is available
OR
25 Gy/5 Fx
OR
30 Gy/10 Fx with concurrent gemcitabine

if good response
se and no
RT

30–40 Gy/5 Fx

? RT ? surgery
25 Gy/5 Fx

otherapy ? RT 52 Gy/20 Fx

rent 45–60 Gy/25–30 Fx with chemotherapy
OR
50 Gy/20 Fx if no chemo

ucovorin, and oxaliplatin; TACE, trans-arterial chemo-embolization; Y-90, yttrium-
actions.
itaxel in order to delay radiotherapy when radiation staffing may be limited.
cancer.
dose-constraints can be achieved.
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in which minimizing the number of fractions is of critical
importance, the Walsh regimen of 40 Gy in 15 fractions
can be considered [12]. However, concurrent carboplatin/pa-
clitaxel or FOLFOX (5-fluorouracil, leucovorin, and oxali-
platin) [13] is preferred.

b. Induction chemotherapy: To delay the initiation of daily
radiotherapy in centers were these facilities may be strained
for staff and resources, induction chemotherapy can be con-
sidered prior to CRT [14–17]. It should be noted that this
was a controversial recommendation, not supported by all
authors, based on data from the CALGB 80803 trial, which
has only been published in abstract form. CALGB 80803
demonstrated feasibility andpromising outcomes for patients
undergoing PET-directed therapy for esophageal adenocarci-
noma with treatment based on response after 6 weeks of
induction FOLFOX or carboplatin and paclitaxel [18].

c. Surgery: Patients should undergo re-staging scans and be
referred for surgery 6–8 weeks after completion of CRT in
centers where surgery can still be performed. In centers
where surgical procedures have been discontinued for the
forseeable future due to the COVID-19 crisis, management
should follow that of inoperable esophageal cancer (see
below). If there has been a complete clinical response to
neoadjuvant treatment, consider close follow-up with sur-
gery reserved for salvage. For patients with squamous cell
histology, consider CRT alone, without surgery, based on
the 49% pathological complete response rate in the CROSS
trial [11].

3. Inoperable esophageal cancer:
a. Definitive CRT: For inoperable patients, the maximum dose

of radiation should not exceed 50 Gy in 25 fractions, as
higher doses are ineffective and may even be detrimental
[19,20]. Weekly carboplatin/paclitaxel is the preferred con-
current chemotherapy regimen due to once weekly adminis-
tration. Concurrent FOLFOX is another good option due to
administration every 2 weeks [13]. For centers where radia-
tion facilities are particularly strained, 40 Gy in 15 fractions
can be considered. This should be followed by 2 cycles of
chemotherapy (with fluorouracil and cisplatin) as per RTOG
85-01 [21,22].

b. Definitive RT: Patients who are not suitable for chemother-
apy can receive RT with a hypofractionated regimen of either
50 Gy in either 16 or 20 fractions [23]. It should be noted that
this recommendation was somewhat controversial among
authors due to concerns over the potential for increased late
toxicity.

4. Advanced disease:
a. Palliative therapy: For patients with advanced disease who

have symptoms related to their primary esophageal lesion,
a limited course of radiation therapy can be offered. Radia-
tion is preferred over an esophageal stent or percutaneous
endoscopic gastrostomy (PEG) tube placement in order to
avoid consumption of limited operative supplies and
aerosolization of the virus secondary to intubation. While
30 Gy in 10 fractions is a common palliative regimen, shorter
courses such as 6–8 Gy in a single fraction for pain or bleed-
ing, or 20 Gy in 5 fractions for dysphagia, can be used to min-
imize patient visits to the clinic [24,25].

Gastric cancer

1. Locally advanced (TanyNanyM0) patients:
a. Peri-operative chemotherapy: For patients with newly diag-

nosed non-metastatic gastric cancer, treatment with
chemotherapy using the FLOT regimen (fluorouracil, leucov-
orin, oxaliplatin, docetaxel), should be offered to patients
regardless of stage [26].

b. Neoadjuvant CRT: Preoperative CRT should not be used given
the lack of data showing benefit over chemotherapy alone
[27,28].

c. Adjuvant therapy: Postoperative radiation therapy should
not be routinely administered to patients with gastric cancer
due to lack of data demonstrating a benefit [29,30]. Ten per-
cent of patients in the CRITICS trial, which failed to show a
benefit to postoperative CRT, had an R1 resection [29]; thus
it is unclear if adjuvant CRT should be offered to patients
even in the setting of microscopically positive surgical mar-
gins. In all patients who did not receive neoadjuvant
chemotherapy, adjuvant chemotherapy should be adminis-
tered. The role of adjuvant CRT can be considered in cases
with very high risk features (e.g. lymphovascular space inva-
sion, node positive, high grade histology, positive margin)
after 3–4 months of chemotherapy, taking into consideration
the state of the crisis.

2. Advanced patients:
a. Palliation: Radiation therapy should be strictly reserved for

palliation of symptoms in patients with gastric cancer at
the present time. When choosing a palliative regimen, for
bleeding for example, 6 or 8 Gy in one fraction, with an
anti-emetic, may be used [31,32].

Hepatocellular carinoma (HCC)

1. Early stage HCC:
a. Orthotopic liver transplanation (OLT): OLT provides the

highest chance of cure for HCC patients who meet transplant
eligibility criteria and who receive a donor liver. During
COVID-19, live donor transplantation is likely to be put on
hold, and there may be delays or transient suspension of
all transplants. Thus, there is an increased role for ‘bridging
therapies,’designed to maintain the HCC within eligibility
criteria for transplant, possibly for longer times than pre
COVID-19. Radiofrequency ablation (RFA), transarterial
chemo-embolization (TACE), yittrium-90 (Y90), and stereo-
tactic body radiation therapy (SBRT) may be used to bridge
HCCs that are at risk of growing to a stage where the patient
would be delisted.

b. Surgery: Resection is a curative treatment for patients with
early stage tumors (single, no vascular invasion or extra-
heaptic spread). There is no role for neoadjuvant therapy;
however during COVID-19, if resection is not possible, alter-
native therapies (as suggested below) may be used instead of
resection; and resection may be avoided or delayed to the
time of progression.

c. Locoregional therapies:
i. RFA is most effective for smaller tumors (e.g. <4 cm) when-

ever technically feasible.
ii. TACE or Y90 are suitable for most early stage HCCs, how-

ever, these may not be available at centers restricting pro-
cedures due to COVID-19, increasing the number of
patients referred for SBRT.

iii. SBRT is an alternative ablative therapy that may be used,
especially if inpatient and invasive procedures have been
suspended. SBRT may be delivered in 1–5 fractions; 3–5
fractions are preferred for central HCCs near the biliary
tree (especially if a transplant is planned). See Table 1
for dosing schema. Non-invasive procedures for prediction
and mitigation of tumor motion (use of 4DCT, abdominal
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compression, daily imaging, and surrogate markers such as
biliary stents or lipiodol from previous TACE) are preferred
to use of fiducials given that fiducial placement is risky at
this time
2. Following resection: There is no proven role for adjuvant ther-
apy.

3. Intermediate stage HCC:
a. TACE or Y90: The current treatment paradigm for multifocal

HCC is TACE or Y90.
b. SBRT: SBRT may be proposed as an alternative option, partic-

ularly after incomplete response to prior TACE [33].

4. Locally advanced HCC, with vascular invasion:
a. Systemic therapy: Treatment with molecularly targeted

therapy (e.g. sorafenib or lenvatinib) should be used during
COVID-19 in eligible patients.

b. Local therapy: Radiation therapy with TACE was shown to
improve survival versus TACE alone in HCC patients with
vascular invasion [34], and SBRT is being studied in other
randomized trials (e.g. RTOG1112). For patients who con-
tinue to have HCC confined to the liver following systemic
therapy, or for those who are not eligible for systemic ther-
apy, SBRT may be considered, if available.

c. Best supportive care: For patients with a poor prognosis, e.g.
due to massive HCC or declining liver function, best support-
ive care, rather than active intervention, should be offered.
For tumor-related pain, a single fraction of 6–8 Gy can be
considered.

Cholangiocarcinoma

1. Operable cholangiocarcinoma:
a. Neoadjuvant therapy: Neoadjuvant chemotherapy (prefer-

ably with capecitabine as this can be taken at home) may
be considered for patients with operable cholangiocarci-
noma in order to delay surgery, extrapolating from data
showing benefit to adjuvant therapy.

2. Following resection:
a. Negative margins: For patients who have had surgery, adju-

vant therapy with oral capecitabine is recommended, as per
BilCap, as it can be taken at home [35]. Although radiation
therapy has been suggested to have a benefit following sys-
temic therapy, due to the lack of level 1 data, radiation ther-
apy should not be used in the adjuvant setting during
COVID-19.

b. Positive margins: For positive surgical margins or node pos-
itive disease, a survival benefit to adjuvant radiation after
chemotherapy has been suggested [36]; however, given the
lack of level 1 data, adjuvant radiation therapy should be
deferred during COVID-19.

3. Inoperable cholangiocarcinoma:
a. Chemotherapy: Chemotherapy (gemcitabine and cisplatin) is

recommended as standard of care as the first line of therapy.
b. Radiation therapy: For patients with localized, node negative

cholangiocarcinoma following systemic therapy, curative
intent radiation therapy may be offered. Concurrent CRT is
not recommended [37,38]. While 15-fractions has been
favored over SBRT for intrahepatic cholangiocarcinoma
where there is concern over biliary stricture [39], during
COVID-19, SBRT is an acceptable alternative. 3–5 fractions
should be consdered for central lesions, and 1–3 fractions
for peripheral lesions (please refer to Table 1 for recom-
mended doses) [40]. Appropriate biliary stenting should be
used prior to all radiation therapy, when available. For cen-
ters with particularly strained radiation resources, radiother-
apy may be reserved for isolated local progression. Similarly
when cure is not possible (multifocal cholangiocarcinoma
or node positive cancer), radiation therapy should be
deferred until progression, and only if the cancer remains
localized.

Pancreas

1. Resectable/borderline resectable pancreatic cancer:
a. Neoadjuvant chemotherapy: In order to delay surgery and

the associated inpatient hospital stay or in centers where
surgery has been suspended, neoadjuvant therapy can be
considered [41–43].

b. Neoadjuvant radiation therapy: For cases that remain bor-
derline resectable even after a complete course of six months
of neoadjuvant chemotherapy, SBRT in 5 fractions (of 30–
33 Gy) can be considered [44]. For centers without SBRT
capability, 25 Gy in 5 fractions, or 30 Gy in 10 fractions with
concurrent gemcitabine, can be used [45]. While SBRT is not
standard in the management of borderline pancreatic can-
cers, it may be considered as an alternative to continuing
chemotherapy until the patient is able to safely undergo sur-
gery in order to reduce the risk of ongoing chemotherapy
and its related toxicity. Further, radiation in this context
can allow for local disease control until the tumor can be
resected. As with SBRT for other gastrointestinal sites, we
recommend use of non-invasive procedures for tumor local-
ization and tracking at this time (4DCT, abdominal compres-
sion, biliary stents as surrogate markers) for centers that
typically use fiducials for localization.

2. Unresectable/locally advanced:
a. Chemotherapy: Patients with unresectable pancreatic cancer

should be treated with up to six months of chemotherapy
alone with FOLFIRINOX, for medically fit patients, or gemc-
itabine and nab-paclitaxel for those with relatively poorer
performance who are still candidates for combination
chemotherapy [27,46,47].

b. Radiation therapy: The role of radiation therapy in patients
with unresectable pancreatic cancer was somewhat contro-
versial among the authors of this manuscript due to lack of
survival benefit [48]. If there is stability or improvement of
local disease after four to six months of systemic treatment,
in the absence of distant metastases, centers with SBRT capa-
bility may consider offering radiation [49,50]. Patients with
local progression after chemotherapy are likely to be incur-
able and thus the role of radiotherapy in these patients is
unclear. A single fraction of 8–10 Gy may be considered for
palliation of symptoms or to prevent future symptoms in
patients with local progression [51].

3. Following resection:
a. Negative margins: There is no role for the routine use of

adjuvant radiation therapy at this time, given the lack of
high-quality prospective data to support its use.

b. Positive margins: Adjuvant chemotherapy should be admin-
istered to complete a full course of six months of chemother-
apy. If neoadjuvant chemotherapy was given prior to
surgery, additional adjuvant chemotherapy should not
exceed the total of six months. During COVID-19, radiation
therapy should be omitted due to the lack of level 1 data
demonstrating a benefit.



198 Recommendations for radiation therapy for GI cancer during COVID-19
4. Refer to the UK Guidelines for management of pancreatic cancer
during the COVID-19 pandemic for additional information:
https://www.rcr.ac.uk/sites/default/files/pancreatic-cancer-
treatment-covid19.pdf.

Rectal

1. Early stage rectal cancer:
a. TME (total mesorectal excision) alone

2. Locally advanced (T2N+ or T3-4/Nany) operable rectal patients:
a. Neoadjuvant radiation: In keepingwith the recent expert con-

sensus statement on the management of rectal cancer during
the COVID-19 epidemic [52], either long-course CRT or short-
course radiation therapy (5 Gy � 5 fractions) with or without
neoadjuvant chemotherapy can be offered. However, short-
course therapy with delay to surgery is preferred [53].

b. Total neoadjuvant therapy: In cases where surgery cannot be
performed due to the COVID-19 pandemic, total neoadjuvant
therapy with chemotherapy delivered after either long-
course or short-course radiation should be offered given
existing data showing the safety and efficacy of this
approach, which is also in keeping with guidelines [27,54–
56].

c. Surgery: Consider delaying surgery to 12 weeks, with re-
assessment at 8 weeks [53,57,58].

3. Following surgery for clinical Stage I disease:
a. Adjuvant therapy: For patients with clinical stage I disease

who underwent upfront resection and were upstaged at
the time of surgery, adjuvant chemotherapy should be deliv-
ered. The role of CRT should be carefully considered on an
individual patient basis weighing risks and benefits. For a
low risk of local failure, radiation therapy may be deferred.
If indicated, long-course CRT is preferred.

4. Inoperable:
a. Definitive CRT: For patients who are inoperable due to med-

ical co-morbidities, the first line of therapy should be
chemotherapy. For those who continue to have local cancer
following chemotherapy, definitive radiation therapy may
be considered. Radiation alone (e.g., 52 Gy in 20 fractions
or 25 Gy in 5 fractions) is recommended over long-course
CRT at the present time [59].

Anal

1. Local or locally advanced (TanyNanyM0):
a. Definitive CRT: Patients with anal cancer can be cured with

the combination of chemotherapy and radiation and there-
fore deviations from the standard treatment approach (cape-
citabine or 5-FU plus mitomycin-C plus radiation therapy)
are not indicated, even during this global pandemic [27].
Radiation therapy is recommended to be delivered utilizing
a simultaneous integrated boost (SIB) approach in 28–30
fractions as per RTOG 0529 [60]. Patients with T1N0 can be
treated with lower dose of radiation such as 40–50 Gy/20–
25 fractions, or an even lower dose using an approach similar
to the Nigro protocol (i.e. 30 Gy/10 fractions) if limited by
resources/staff. Patients who are not candidates to receive
concurrent chemotherapy (due to comorbidities or poor per-
formance status), can be treated with a hypofractionated
regimen of 36–40 Gy in 20 fractions to the elective volume
with an SIB to 50 Gy to the primary tumor [61,62].
Oligo-metastases from colorectal cancer

1. Oligo liver metastases from colorectal cancer:
a. Multi-disciplinary care: The timing of resection of the pri-

mary tumor, resection of metastases, systemic therapy and
radiation therapy requires multi-disciplinary discussion
and individual decision making.

b. Chemotherapy: Consider delivering additional cycles of
chemotherapy in order to delay surgery in facilities where
surgeries are note being performed

c. Local therapies: For patients with potentially curable liver
metastases from colorectal carcinoma, local liver directed
therapy should be considered for patients who are unable
to undergo resection.

d. SBRT: If used, SBRT should be delivered in as few fractions as
possible. Consider a single fraction of 16–30 Gy for small,
non-central lesions [63] and a more fractionated approach
(48–60 Gy in 3–5 fractions) for lesions near the biliary tree
[8,37,64,65].

Declaration of Interest

MAH is supported by funding from the NIHR Biomedical
Research Centre at University College London Hospitals NHS Foun-
dation Trust.

There are no additional conflicts of interest to disclose by any of
the remaining authors of this manuscript.

References

[1] www.worldometers.info/coronavirus Accessed April 6, 2020.
[2] How to protect yourself from coronavirus disease. https://www.

cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
Accessed April 1, 2020.

[3] Zaorsky NG, Yu JB, McBride SM, Dess RT, Jackson WC, Mahal BA, et al. Prostate
cancer radiotherapy recommendations in response to COVID-19. Adv Radiat
Oncol 2020. https://doi.org/10.1016/j.adro.2020.03.010.

[4] Liang W, Guan W, Chen R, Wang W, Li J, Xu K, et al. Cancer patients in SARS-
CoV-2 infection: a nationwide analysis in China. Lancet Oncol 2020;21:335–7.
https://doi.org/10.1016/s1470-2045(20)30096-6.

[5] Onder G, Rezza G, Brusaferro S. Case-fatality rate and characteristics of patients
dying in relation to COVID-19 in Italy. JAMA 2020. https://doi.org/
10.1001/jama.2020.4683.

[6] Yu J, Ouyang W, Chua MLK, Xie C. SARS-CoV-2 transmission in patients with
cancer at a tertiary care hospital in Wuhan, China. JAMA Oncol 2020. https://
doi.org/10.1001/jamaoncol.2020.0980.

[7] https://www.nice.org.uk/guidance/ng162/resources/covid19-rapid-guideline-
delivery-of-radiotherapy-pdf-66141897390277 Accessed April 6, 2020.

[8] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med
2009;6:. https://doi.org/10.1371/journal.pmed.1000097e1000097.

[9] Lordick F, Mariette C, Haustermans K, Obermannova R, Arnold D. Oesophageal
cancer: ESMO clinical practice guidelines for diagnosis, treatment and follow-
up. Ann Oncol 2016;27:v50–7. https://doi.org/10.1093/annonc/mdw329.

[10] von Dobeln GA, Klevebro F, Jacobsen AB, Johannessen HO, Nielsen NH, Johnsen
G, et al. Neoadjuvant chemotherapy versus neoadjuvant chemoradiotherapy
for cancer of the esophagus or gastroesophageal junction: long-term results of
a randomized clinical trial. Dis Esophagus 2019;32. https://doi.org/
10.1093/dote/doy078.

[11] van Hagen P, Hulshof MC, van Lanschot JJ, Steyerberg EW, van Berge
Henegouwen MI, Wijnhoven BP, et al. Preoperative chemoradiotherapy for
esophageal or junctional cancer. N Engl J Med 2012;366:2074–84. https://doi.
org/10.1056/NEJMoa1112088.

[12] Walsh TN, Noonan N, Hollywood D, Kelly A, Keeling N, Hennessy TPJ. A
comparison of multimodal therapy and surgery for esophageal
adenocarcinoma. N Engl J Med 1996;335:462–7. https://doi.org/10.1056/
nejm199608153350702.

[13] Conroy T, Galais MP, Raoul JL, Bouche O, Gourgou-Bourgade S, Douillard JY,
et al. Definitive chemoradiotherapy with FOLFOX versus fluorouracil and
cisplatin in patients with oesophageal cancer (PRODIGE5/ACCORD17): final
results of a randomised, phase 2/3 trial. Lancet Oncol 2014;15:305–14. https://
doi.org/10.1016/s1470-2045(14)70028-2.

[14] Pasini F, de Manzoni G, Zanoni A, Grandinetti A, Capirci C, Pavarana M, et al.
Neoadjuvant therapy with weekly docetaxel and cisplatin, 5-fluorouracil
continuous infusion, and concurrent radiotherapy in patients with locally

https://www.rcr.ac.uk/sites/default/files/pancreatic-cancer-treatment-covid19.pdf
https://www.rcr.ac.uk/sites/default/files/pancreatic-cancer-treatment-covid19.pdf
https://doi.org/10.1016/j.adro.2020.03.010
https://doi.org/10.1016/s1470-2045(20)30096-6
https://doi.org/10.1001/jama.2020.4683
https://doi.org/10.1001/jama.2020.4683
https://doi.org/10.1001/jamaoncol.2020.0980
https://doi.org/10.1001/jamaoncol.2020.0980
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1093/annonc/mdw329
https://doi.org/10.1093/dote/doy078
https://doi.org/10.1093/dote/doy078
https://doi.org/10.1056/NEJMoa1112088
https://doi.org/10.1056/NEJMoa1112088
https://doi.org/10.1056/nejm199608153350702
https://doi.org/10.1056/nejm199608153350702
https://doi.org/10.1016/s1470-2045(14)70028-2
https://doi.org/10.1016/s1470-2045(14)70028-2


L.T. Tchelebi et al. / Radiotherapy and Oncology 148 (2020) 194–200 199
advanced esophageal cancer produced a high percentage of long-lasting
pathological complete response: a phase 2 study. Cancer 2013;119:939–45.
https://doi.org/10.1002/cncr.27822.

[15] Swisher SG, Ajani JA, Komaki R, Nesbitt JC, Correa AM, Cox JD, et al. Long-
term outcome of phase II trial evaluating chemotherapy,
chemoradiotherapy, and surgery for locoregionally advanced esophageal
cancer. Int J Radiat Oncol Biol Phys 2003;57:120–7. https://doi.org/10.1016/
s0360-3016(03)00522-4.

[16] Ruhstaller T, Thuss-Patience P, Hayoz S, Schacher S, Knorrenschild JR, Schnider
A, et al. Neoadjuvant chemotherapy followed by chemoradiation and surgery
with and without cetuximab in patients with resectable esophageal cancer: a
randomized, open-label, phase III trial (SAKK 75/08). Ann Oncol
2018;29:1386–93. https://doi.org/10.1093/annonc/mdy105.

[17] Stahl M, Walz MK, Stuschke M, Lehmann N, Meyer HJ, Riera-Knorrenschild J,
et al. Phase III comparison of preoperative chemotherapy compared with
chemoradiotherapy in patients with locally advanced adenocarcinoma of the
esophagogastric junction. J Clin Oncol 2009;27:851–6. https://doi.org/
10.1200/jco.2008.17.0506.

[18] Goodman KA, Hall N, Bekaii-Saab TS, Ou F-S, Twohy E, Meyers MO, et al.
Survival outcomes from CALGB 80803 (Alliance): a randomized phase II trial of
PET scan-directed combined modality therapy for esophageal cancer. J Clin
Oncol 2018;36:4012. https://doi.org/10.1200/JCO.2018.36.15_suppl.4012.

[19] Minsky BD, Pajak TF, Ginsberg RJ, Pisansky TM, Martenson J, Komaki R, et al.
INT 0123 (Radiation Therapy Oncology Group 94–05) phase III trial of
combined-modality therapy for esophageal cancer: high-dose versus
standard-dose radiation therapy. J Clin Oncol 2002;20:1167–74. https://doi.
org/10.1200/jco.2002.20.5.1167.

[20] Hulshof MCCM, Geijsen D, Rozema T, Oppedijk V, Buijsen J, Neelis KJ, et al. A
randomized controlled phase III multicenter study on dose escalation in
definitive chemoradiation for patients with locally advanced esophageal
cancer: ARTDECO study. J Clin Oncol 2020;38:281. https://doi.org/10.1200/
JCO.2020.38.4_suppl.281.

[21] al-Sarraf M, Martz K, Herskovic A, Leichman L, Brindle JS, Vaitkevicius VK,
Emami B. Progress report of combined chemoradiotherapy versus
radiotherapy alone in patients with esophageal cancer: an intergroup study.
J Clin Oncol 1997;15:277–84. https://doi.org/10.1200/jco.1997.15.1.277.

[22] Herskovic A, Martz K, al-Sarraf M, Leichman L, Brindle J, Vaitkevicius V, Emami
B. Combined chemotherapy and radiotherapy compared with radiotherapy
alone in patients with cancer of the esophagus. N Engl J Med
1992;326:1593–8. https://doi.org/10.1056/nejm199206113262403.

[23] Jones CM, Spencer K, Hitchen C, Pelly T, Wood B, Hatfield P, et al.
Hypofractionated radiotherapy in oesophageal cancer for patients unfit for
systemic therapy: a retrospective single-centre analysis. Clin Oncol
2019;31:356–64. https://doi.org/10.1016/j.clon.2019.01.010.

[24] Senkus-Konefka E, Dziadziuszko R, Bednaruk-Mlynski E, Pliszka A, Kubrak J,
Lewandowska A, et al. A prospective, randomised study to compare two
palliative radiotherapy schedules for non-small-cell lung cancer (NSCLC). Br J
Cancer 2005;92:1038–45. https://doi.org/10.1038/sj.bjc.6602477.

[25] Bezjak A, Dixon P, Brundage M, Tu D, Palmer MJ, Blood P, et al.
Randomized phase III trial of single versus fractionated thoracic radiation in
the palliation of patients with lung cancer (NCIC CTG SC.15). Int J Radiat
Oncol Biol Phys 2002;54:719–28. https://doi.org/10.1016/s0360-3016(02)
02989-9.

[26] Al-Batran SE, Homann N, Pauligk C, Goetze TO, Meiler J, Kasper S, et al.
Perioperative chemotherapy with fluorouracil plus leucovorin, oxaliplatin, and
docetaxel versus fluorouracil or capecitabine plus cisplatin and epirubicin for
locally advanced, resectable gastric or gastro-oesophageal junction
adenocarcinoma (FLOT4): a randomised, phase 2/3 trial. Lancet
2019;393:1948–57. https://doi.org/10.1016/s0140-6736(18)32557-1.

[27] National Comprehensive Cancer Network (NCCN). NCCN clinical practice
guidelines in oncology. https://www.nccn.org/professionals/physician_gls
(Accessed on March 26, 2020).

[28] Smyth EC, Verheij M, Allum W, Cunningham D, Cervantes A, Arnold D. Gastric
cancer: ESMO clinical practice guidelines for diagnosis, treatment and
follow-up. Ann Oncol 2016;27:v38–49. https://doi.org/10.1093/annonc/
mdw350.

[29] Cats A, Jansen EPM, van Grieken NCT, Sikorska K, Lind P, Nordsmark M, et al.
Chemotherapy versus chemoradiotherapy after surgery and preoperative
chemotherapy for resectable gastric cancer (CRITICS): an international,
open-label, randomised phase 3 trial. Lancet Oncol 2018;19:616–28. https://
doi.org/10.1016/s1470-2045(18)30132-3.

[30] Park SH, Sohn TS, Lee J, Lim DH, Hong ME, Kim KM, et al. Phase III trial to
compare adjuvant chemotherapy with capecitabine and cisplatin versus
concurrent chemoradiotherapy in gastric cancer: final report of the adjuvant
chemoradiotherapy in stomach tumors trial, including survival and subset
analyses. J Clin Oncol 2015;33:3130–6. https://doi.org/10.1200/
jco.2014.58.3930.

[31] Chaw CL, Niblock PG, Chaw CS, Adamson DJ. The role of palliative radiotherapy
for haemostasis in unresectable gastric cancer: a single-institution experience.
Ecancermedicalscience 2014;8:384. https://doi.org/10.3332/ecancer.
2014.384.

[32] Tey J, Soon YY, Koh WY, Leong CN, Choo BA, Ho F, et al. Palliative radiotherapy
for gastric cancer: a systematic review and meta-analysis. Oncotarget
2017;8:25797–805. https://doi.org/10.18632/oncotarget.15554.

[33] Kang JK, Kim MS, Cho CK, Yang KM, Yoo HJ, Kim JH, et al. Stereotactic body
radiation therapy for inoperable hepatocellular carcinoma as a local salvage
treatment after incomplete transarterial chemoembolization. Cancer
2012;118:5424–31. https://doi.org/10.1002/cncr.27533.

[34] Yoon SM, Ryoo BY, Lee SJ, Kim JH, Shin JH, An JH, et al. Efficacy and safety of
transarterial chemoembolization plus external beam radiotherapy vs
sorafenib in hepatocellular carcinoma with macroscopic vascular invasion: a
randomized clinical trial. JAMA Oncol 2018;4:661–9. https://doi.org/
10.1001/jamaoncol.2017.5847.

[35] Primrose JN, Fox RP, Palmer DH, Malik HZ, Prasad R, Mirza D, et al.
Capecitabine compared with observation in resected biliary tract cancer
(BILCAP): a randomised, controlled, multicentre, phase 3 study. Lancet Oncol
2019;20:663–73. https://doi.org/10.1016/s1470-2045(18)30915-x.

[36] Horgan AM, Amir E, Walter T, Knox JJ. Adjuvant therapy in the treatment of
biliary tract cancer: a systematic review and meta-analysis. J Clin Oncol
2012;30:1934–40. https://doi.org/10.1200/jco.2011.40.5381.

[37] Tse RV, Hawkins M, Lockwood G, Kim JJ, Cummings B, Knox J, et al. Phase I
study of individualized stereotactic body radiotherapy for hepatocellular
carcinoma and intrahepatic cholangiocarcinoma. J Clin Oncol 2008;26:657–64.
https://doi.org/10.1200/jco.2007.14.3529.

[38] Bujold A, Massey CA, Kim JJ, Brierley J, Cho C, Wong RK, et al. Sequential phase I
and II trials of stereotactic body radiotherapy for locally advanced
hepatocellular carcinoma. J Clin Oncol 2013;31:1631–9. https://doi.org/
10.1200/jco.2012.44.1659.

[39] Hong TS, Wo JY, Yeap BY, Ben-Josef E, McDonnell EI, Blaszkowsky LS, et al.
Multi-institutional phase II study of high-dose hypofractionated proton beam
therapy in patients with localized, unresectable hepatocellular carcinoma and
intrahepatic cholangiocarcinoma. J Clin Oncol 2016;34:460–8. https://doi.org/
10.1200/jco.2015.64.2710.

[40] Scorsetti M, Comito T, Cozzi L, Clerici E, Tozzi A, Franzese C, et al. The challenge
of inoperable hepatocellular carcinoma (HCC): results of a single-institutional
experience on stereotactic body radiation therapy (SBRT). J Cancer Res Clin
Oncol 2015;141:1301–9. https://doi.org/10.1007/s00432-015-1929-y.

[41] Unno M, Motoi F, Matsuyama Y, Satoi S, Matsumoto I, Aosasa S, et al.
Randomized phase II/III trial of neoadjuvant chemotherapy with gemcitabine
and S-1 versus upfront surgery for resectable pancreatic cancer (Prep-02/JSAP-
05). J Clin Oncol 2019;37:189. https://doi.org/10.1200/
JCO.2019.37.4_suppl.189.

[42] Murphy JE, Wo JY, Ryan DP, Jiang W, Yeap BY, Drapek LC, et al. Total
neoadjuvant therapy With FOLFIRINOX followed by individualized
chemoradiotherapy for borderline resectable pancreatic adenocarcinoma: a
phase 2 clinical trial. JAMA Oncol 2018;4:963–9. https://doi.org/
10.1001/jamaoncol.2018.0329.

[43] Versteijne E, Suker M, Groothuis K, Akkermans-Vogelaar JM, Besselink MG,
Bonsing BA, et al. Preoperative chemoradiotherapy versus immediate surgery
for resectable and borderline resectable pancreatic cancer: results of the Dutch
randomized phase III PREOPANC trial. J Clin Oncol 2020. https://doi.org/
10.1200/jco.19.02274. Jco1902274.

[44] Hoyer M, Roed H, Sengelov L, Traberg A, Ohlhuis L, Pedersen J, et al. Phase-II
study on stereotactic radiotherapy of locally advanced pancreatic carcinoma.
Radiother Oncol 2005;76:48–53. https://doi.org/10.1016/j.
radonc.2004.12.022.

[45] Evans DB, Varadhachary GR, Crane CH, Sun CC, Lee JE, Pisters PW, et al.
Preoperative gemcitabine-based chemoradiation for patients with resectable
adenocarcinoma of the pancreatic head. J Clin Oncol 2008;26:3496–502.
https://doi.org/10.1200/jco.2007.15.8634.

[46] Balaban EP, Mangu PB, Khorana AA, Shah MA, Mukherjee S, Crane CH, et al.
Locally advanced, unresectable pancreatic cancer: American society of clinical
oncology clinical practice guideline. J Clin Oncol 2016;34:2654–68. https://doi.
org/10.1200/jco.2016.67.5561.

[47] Seufferlein T, Bachet JB, Van Cutsem E, Rougier P. Pancreatic adenocarcinoma:
ESMO-ESDO clinical practice guidelines for diagnosis, treatment and follow-
up. Ann Oncol 2012;23:vii33–40. https://doi.org/10.1093/annonc/mds224.

[48] Hammel P, Huguet F, van Laethem JL, Goldstein D, Glimelius B, Artru P, et al.
Effect of chemoradiotherapy vs chemotherapy on survival in patients with
locally advanced pancreatic cancer controlled after 4 months of gemcitabine
with or without erlotinib: the LAP07 randomized clinical trial. JAMA
2016;315:1844–53. https://doi.org/10.1001/jama.2016.4324.

[49] Herman JM, Chang DT, Goodman KA, Dholakia AS, Raman SP, Hacker-Prietz A,
et al. Phase 2 multi-institutional trial evaluating gemcitabine and stereotactic
body radiotherapy for patients with locally advanced unresectable pancreatic
adenocarcinoma. Cancer 2015;121:1128–37. https://doi.org/10.1002/
cncr.29161.

[50] Tchelebi LT, Lehrer EJ, Trifiletti DM, Sharma NK, Gusani NJ, Crane CH, Zaorsky
NG. Conventionally fractionated radiation therapy versus stereotactic body
radiation therapy for locally advanced pancreatic cancer (CRiSP): an
international systematic review and meta-analysis. Cancer, n/a(n/a).
doi:10.1002/cncr.32756.

[51] Hammer L, Hausner D, Morag O, ben-Ayun M, Alezra D, Dubinski S, Lawrence
Y. Celiac plexus radiosurgery, a new modality for cancer pain management &
#x2013; final results of a phase II clinical trial. Int J Radiat Oncol Biol Phys
2018;102:S38. https://doi.org/10.1016/j.ijrobp.2018.06.074.

[52] Marijnen CAM, Peters FP, Rödel C, Bujko K, Haustermans K, Fokas E. et al.
International expert consensus statement regarding radiotherapy treatment
options for rectal cancer during the COVID 19 pandemic. Radiother Oncol.
2020;148:213–5. https://doi.org/10.1016/j.radonc.2020.03.039.

[53] Erlandsson J, Holm T, Pettersson D, Berglund A, Cedermark B, Radu C, et al.
Optimal fractionation of preoperative radiotherapy and timing to surgery for

https://doi.org/10.1002/cncr.27822
https://doi.org/10.1016/s0360-3016(03)00522-4
https://doi.org/10.1016/s0360-3016(03)00522-4
https://doi.org/10.1093/annonc/mdy105
https://doi.org/10.1200/jco.2008.17.0506
https://doi.org/10.1200/jco.2008.17.0506
https://doi.org/10.1200/JCO.2018.36.15_suppl.4012
https://doi.org/10.1200/jco.2002.20.5.1167
https://doi.org/10.1200/jco.2002.20.5.1167
https://doi.org/10.1200/JCO.2020.38.4_suppl.281
https://doi.org/10.1200/JCO.2020.38.4_suppl.281
https://doi.org/10.1200/jco.1997.15.1.277
https://doi.org/10.1056/nejm199206113262403
https://doi.org/10.1016/j.clon.2019.01.010
https://doi.org/10.1038/sj.bjc.6602477
https://doi.org/10.1016/s0360-3016(02)02989-9
https://doi.org/10.1016/s0360-3016(02)02989-9
https://doi.org/10.1016/s0140-6736(18)32557-1
https://doi.org/10.1093/annonc/mdw350
https://doi.org/10.1093/annonc/mdw350
https://doi.org/10.1016/s1470-2045(18)30132-3
https://doi.org/10.1016/s1470-2045(18)30132-3
https://doi.org/10.1200/jco.2014.58.3930
https://doi.org/10.1200/jco.2014.58.3930
https://doi.org/10.3332/ecancer.2014.384
https://doi.org/10.3332/ecancer.2014.384
https://doi.org/10.18632/oncotarget.15554
https://doi.org/10.1002/cncr.27533
https://doi.org/10.1001/jamaoncol.2017.5847
https://doi.org/10.1001/jamaoncol.2017.5847
https://doi.org/10.1016/s1470-2045(18)30915-x
https://doi.org/10.1200/jco.2011.40.5381
https://doi.org/10.1200/jco.2007.14.3529
https://doi.org/10.1200/jco.2012.44.1659
https://doi.org/10.1200/jco.2012.44.1659
https://doi.org/10.1200/jco.2015.64.2710
https://doi.org/10.1200/jco.2015.64.2710
https://doi.org/10.1007/s00432-015-1929-y
https://doi.org/10.1200/JCO.2019.37.4_suppl.189
https://doi.org/10.1200/JCO.2019.37.4_suppl.189
https://doi.org/10.1001/jamaoncol.2018.0329
https://doi.org/10.1001/jamaoncol.2018.0329
https://doi.org/10.1200/jco.19.02274
https://doi.org/10.1200/jco.19.02274
https://doi.org/10.1016/j.radonc.2004.12.022
https://doi.org/10.1016/j.radonc.2004.12.022
https://doi.org/10.1200/jco.2007.15.8634
https://doi.org/10.1200/jco.2016.67.5561
https://doi.org/10.1200/jco.2016.67.5561
https://doi.org/10.1093/annonc/mds224
https://doi.org/10.1001/jama.2016.4324
https://doi.org/10.1002/cncr.29161
https://doi.org/10.1002/cncr.29161
https://doi.org/10.1016/j.ijrobp.2018.06.074


200 Recommendations for radiation therapy for GI cancer during COVID-19
rectal cancer (Stockholm III): a multicentre, randomised, non-blinded, phase 3,
non-inferiority trial. Lancet Oncol 2017;18:336–46. https://doi.org/10.1016/
s1470-2045(17)30086-4.

[54] Chau I, Brown G, Cunningham D, Tait D, Wotherspoon A, Norman AR, et al.
Neoadjuvant capecitabine and oxaliplatin followed by synchronous
chemoradiation and total mesorectal excision in magnetic resonance
imaging-defined poor-risk rectal cancer. J Clin Oncol 2006;24:668–74.
https://doi.org/10.1200/jco.2005.04.4875.

[55] Fernandez-Martos C, Garcia-Albeniz X, Pericay C, Maurel J, Aparicio J,
Montagut C, et al. Chemoradiation, surgery and adjuvant chemotherapy
versus induction chemotherapy followed by chemoradiation and surgery:
long-term results of the Spanish GCR-3 phase II randomized trialdagger. Ann
Oncol 2015;26:1722–8. https://doi.org/10.1093/annonc/mdv223.

[56] Glynne-Jones R, Wyrwicz L, Tiret E, Brown G, Rödel C, Cervantes A, et al. Rectal
cancer: ESMO clinical practice guidelines for diagnosis, treatment and follow-
up<sup>&#x2020;</sup>. Ann Oncol 2017;28:iv22-iv40. https://doi.org/
10.1093/annonc/mdx224.

[57] Bujko K, Wyrwicz L, Rutkowski A, Malinowska M, Pietrzak L, Krynski J, et al.
Long-course oxaliplatin-based preoperative chemoradiation versus 5 x 5 Gy
and consolidation chemotherapy for cT4 or fixed cT3 rectal cancer: results of a
randomized phase III study. Ann Oncol 2016;27:834–42. https://doi.org/
10.1093/annonc/mdw062.

[58] Marijnen C. OC-0429: neoadjuvant chemoradiotherapy or 5x5 Gy followed by
chemotherapy in rectal cancer: the RAPIDO trial. Radiother Oncol 2017;123:
S227–8. https://doi.org/10.1016/S0167-8140(17)30871-X.

[59] Brierley JD, Cummings BJ, Wong CS, Keane TJ, O’Sullivan B, Catton CN, et al.
Adenocarcinoma of the rectum treated by radical external radiation therapy.
Int J Radiat Oncol Biol Phys 1995;31:255–9. https://doi.org/10.1016/0360-
3016(94)e0102-p.

[60] Kachnic LA, Winter K, Myerson RJ, Goodyear MD, Willins J, Esthappan J, et al.
RTOG 0529: a phase 2 evaluation of dose-painted intensity modulated
radiation therapy in combination with 5-fluorouracil and mitomycin-C for
the reduction of acute morbidity in carcinoma of the anal canal. Int J Radiat
Oncol Biol Phys 2013;86:27–33. https://doi.org/10.1016/j.ijrobp.2012.09.023.

[61] Hosni A, Han K, Le LW, Ringash J, Brierley J, Wong R, et al. The ongoing
challenge of large anal cancers: prospective long term outcomes of intensity-
modulated radiation therapy with concurrent chemotherapy. Oncotarget
2018;9:20439–50. https://doi.org/10.18632/oncotarget.24926.

[62] Cummings BJ, Keane TJ, O’Sullivan B, Wong CS, Catton CN. Epidermoid anal
cancer: treatment by radiation alone or by radiation and 5-fluorouracil with
and without mitomycin C. Int J Radiat Oncol Biol Phys 1991;21:1115–25.
https://doi.org/10.1016/0360-3016(91)90265-6.

[63] Goodman KA, Wiegner EA, Maturen KE, Zhang Z, Mo Q, Yang G, et al. Dose-
escalation study of single-fraction stereotactic body radiotherapy for liver
malignancies. Int J Radiat Oncol Biol Phys 2010;78:486–93. https://doi.org/
10.1016/j.ijrobp.2009.08.020.

[64] Dawson LA, Eccles C, Craig T. Individualized image guided iso-NTCP based liver
cancer SBRT. Acta Oncol 2006;45:856–64. https://doi.org/10.1080/
02841860600936369.

[65] Vogel A, Cervantes A, Chau I, Daniele B, Llovet JM, Meyer T, et al.
Hepatocellular carcinoma: ESMO clinical practice guidelines for diagnosis,
treatment and follow-up<sup>&#x2020;</sup>. Ann Oncol 2018;29:238–55.
https://doi.org/10.1093/annonc/mdy308.

https://doi.org/10.1016/s1470-2045(17)30086-4
https://doi.org/10.1016/s1470-2045(17)30086-4
https://doi.org/10.1200/jco.2005.04.4875
https://doi.org/10.1093/annonc/mdv223
https://doi.org/10.1093/annonc/mdx224
https://doi.org/10.1093/annonc/mdx224
https://doi.org/10.1093/annonc/mdw062
https://doi.org/10.1093/annonc/mdw062
https://doi.org/10.1016/S0167-8140(17)30871-X
https://doi.org/10.1016/0360-3016(94)e0102-p
https://doi.org/10.1016/0360-3016(94)e0102-p
https://doi.org/10.1016/j.ijrobp.2012.09.023
https://doi.org/10.18632/oncotarget.24926
https://doi.org/10.1016/0360-3016(91)90265-6
https://doi.org/10.1016/j.ijrobp.2009.08.020
https://doi.org/10.1016/j.ijrobp.2009.08.020
https://doi.org/10.1080/02841860600936369
https://doi.org/10.1080/02841860600936369
https://doi.org/10.1093/annonc/mdy308

