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Abstract
Background The COVID-19 pandemic has led to widespread cancelation of electively scheduled surgeries, including for
colorectal, pancreatic, and gastric cancer. The American College of Surgeons and the Society of Surgical Oncology have released
guidelines for triage of these procedures. We seek to synthesize available evidence on delayed resection and oncologic outcomes,
while also providing a critical assessment of the released guidelines.
Methods A systematic review was conducted to identify literature between 2005 and 2020 investigating the impact of time to
surgery on oncologic outcomes in colorectal, pancreatic, and gastric cancer.
Results For colorectal cancer, 1066 abstracts were screened and 43 papers were included. In primarily resected colon cancer,
delay over 30 to 40 days is associated with lower survival. In rectal cancer, time to surgery over 7 to 8 weeks following
neoadjuvant therapy is associated with decreased survival. Three hundred ninety-four abstracts were screened for pancreatic
cancer and nine studies were included. Two studies demonstrate increased unexpected progression with delayed surgery over
30 days. Out of 633 abstracts screened for gastric cancer, six studies were included. No identified study demonstrated worse
survival with increased time to surgery.
Conclusion Moderate evidence suggests that delayed resection of colorectal cancer worsens survival; the impact of time to
surgery on gastric and pancreatic cancer outcomes is uncertain. Early resection of gastrointestinal malignancies provides the
best chance for curative therapy. During the COVID-19 pandemic, prioritization of procedures should account for available
evidence on time to surgery and oncologic outcomes.
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Introduction

While the COVID-19 pandemic continues to pressure
healthcare systems around the world, other chronic and acute
diseases continue to affect the population. Some of these dis-
eases, including many cancers, require timely surgical inter-
vention. However, in order to maximize hospital capacity, the
Centers for Disease Control and Prevention has recommended
rescheduling elective surgeries.

1

Subsequently, the American

College of Surgeons (ACS) and the Society of Surgical
Oncology (SSO) published guidelines for triage of non-
emergent surgical procedures.

2,3

Surgery is the foundation of curative therapy for many
malignancies. Delayed resection may lead to progression,
resulting in clinically significant differences in complications,
recurrence, and survival. Delayed treatment may also lead to
the need for additional adjuvant or neoadjuvant therapy, addi-
tional imaging studies for restaging, and ultimately less effi-
cient and less effective care. Furthermore, the psychological
burden of delayed surgery is likely significant.

The effects of time to surgery for many cancers have not
beenwell characterized and the “acceptable”wait time prior to
worsened outcomes is unclear. In the setting of unprecedented
healthcare demands expected to continue for months to years
with an accumulating backlog of delayed surgical cases, it is
critical to understand which cancer surgeries should be
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prioritized and which can be delayed with minimal risk. We
seek to synthesize the available literature on time to surgery
for colorectal, pancreatic, and gastric cancer, providing an
evidence-based approach to surgical prioritization and a criti-
cal review of the ACS and SSO guidelines.

Methods

Identification of Studies

We utilized the Preferred Reporting Items for Systemic
Reviews and Meta-analyses (PRISMA) guidelines.

4

In accor-
dance with our predefined search strategy focusing on colo-
rectal, pancreatic, and gastric cancers, we performed a
PubMed database search for studies published between
January 1, 2005, and March 23, 2020. As an example, we
identified relevant abstracts for gastric cancer with “gastrecto-
my” or “surgery” and “gastric cancer” were searched in com-
bination with any of the following: “delay,” “time to surgery,”
“time-to-surgery,” and “timing” in order to find all studies that
evaluated time to surgery with oncologic outcomes. Two au-
thors independently screened the abstracts of all populated
articles, reviewed potentially relevant complete articles, and
determined which articles met inclusion and exclusion criteria.
The reference lists of all included studies were reviewed to
identify additional relevant studies that may have been missed
with the initial search.

Study Inclusion and Data Extraction

Studies were included if the researchers evaluated the effect of
time to surgery on pathologic upstaging or response, disease-
free survival, or overall survival. Studies were excluded if they
did not separate patients who received surgical treatment from
other treatments, included patients under 18 years old, or were
not written in English.

Once a paper was deemed to meet inclusion and exclusion
criteria, the following data were extracted: first author, publi-
cation year, study design, number of patients, patient popula-
tion, neoadjuvant therapy, age, matching/multivariate analy-
sis, outcome measure, time to surgery groups, length of fol-
low-up, and summary findings (with hazard ratios or odds
ratios extracted when given).

Assessment of Article Quality and Bias

Two authors independently assessed included articles for level
of evidence and potential bias. Levels of evidence were
assigned utilizing the Oxford Centre for Evidence-Based
Medicine guidelines.

5

We then evaluated for potential bias
for observational studies and assigned a score according to
the Newcastle-Ottawa Scale.

6

Ranging from zero to nine, the

scale evaluates patient selection, comparability of patient pop-
ulations, and outcome assessment.

Results

Colorectal Cancer

A total of 1066 abstracts were identified from the search strat-
egy, with 1053 identified from PubMed search and an addi-
tional 13 abstracts from citation review. After screening of
these abstracts, 62 full papers were reviewed and ultimately
43 studies met the inclusion criteria (Fig. 1). Extracted data for
included studies are shown in Table 1. Most included papers
examined rectal cancer, seven studies focused solely on colon
cancer, and three examined both colon and rectal cancer. As
such, there is significant heterogeneity in the studies included.
All studies excluded metastatic disease and emergent indica-
tion for surgery such as perforation or obstruction.

All five of the randomized controlled trials included in this
analysis evaluated time to surgery in rectal cancer following
neoadjuvant therapy. The Stockholm III trial is a Swedish
multicenter, randomized, non-inferiority trial evaluating neo-
adjuvant radiation therapy regimens and timing to surgery.
This study randomized patients to three arms: (1) short course
radiotherapy followed by surgery within 1 week, (2) short
course radiotherapy followed by surgery after 4 to 8 weeks,
and (3) long course radiotherapy with surgery after 4 to
8 weeks. Pettersson et al.’s interim analysis showed better
tumor downstaging in the delay group, consistent with the
Lyon study.

50

Midterm results of the Stockholm III trial dem-
onstrated non-inferior oncologic outcomes with surgical delay
after short course radiation, with a minimum follow-up of
2 years.

16

Perioperative morbidity was significantly higher
with immediate surgery following radiation therapy. These
results suggest that delay to surgery of 4 to 8 weeks following
neoadjuvant therapy is safe from an oncologic standpoint.
This is supported by large retrospective cohort studies, such
as Probst et al., which demonstrated higher odds of pathologic
complete response and downstaging in stage II and III rectal
cancer patients who underwent neoadjuvant chemoradiation
and surgical resection in the National Cancer Database
(NCDB).

36

Two other randomized controlled trials evaluated longer
delays to surgery. Akgun et al. enrolled 327 patients and dem-
onstrated better disease regression and pathologic complete
response with a greater than 8-week interval to surgery, but
lacked long-term follow-up.

8

The GRECCAR-6 study ran-
domized cT3/T4 or TxN+ patients to an even longer delay
of 7 weeks vs. 11 weeks. There was no increased rate of
pathologic complete response in the 11-week delay group,
and in fact, there were more perioperative complications for
patients who had the longer delay.

28

This argues that the
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benefit of delaying surgery after neoadjuvant chemoradiother-
apy does not extend beyond a period of 11 weeks.

One drawback to the contemporary randomized control
trials included in this review is that they all lack long-term
follow-up. However, there are several high-quality retrospec-
tive cohort studies that evaluate survival. Sun et al. examined
stage II and III rectal cancer patients in the NCDB who
underwent neoadjuvant chemoradiotherapy followed by sur-
gical resection at a short interval (< 56 days) or long interval
(≥ 56 days). Notably, the 7-week cutoff defined in this study
was objectively determined with modeling an inflection point.
Patients in the longer delay group had higher likelihood of
pathologic downstaging but worse long-term survival (HR
1.20, 95% CI 1.10–1.32).

43

This was corroborated by
Huntington et al. who looked at a similar population with a
cutoff of 60 days and also demonstrated reduced long-term
survival (HR 1.31, 95% CI 1.19–1.45).

22

Ten studies included in this analysis evaluated colon cancer
outcomes—all of these studies were retrospective cohort stud-
ies and none involved neoadjuvant therapy. Several large ret-
rospective cohort studies did demonstrate worse outcomes
with surgical delay. Kaltenmeier et al. evaluated more than
500,000 colon cancer patients in the NCDB. Time to surgery
was divided into under 7, 7–30, 31–60, 61–90, 91–120, and

121–180 days from diagnosis to surgery. There was a marked
increase in mortality risk with surgery done under 7 days vs.
over 30 days from diagnosis. Waiting 4 to 6 months carried
with it a 2.46-fold risk of mortality.

24

Grass et al. included
118,504 stage I-III colon cancer patients in the NCDB and
evaluated outcomes in patients who underwent surgery under
16 days from diagnosis vs. over 37 days from diagnosis with
median follow-up of 5.3 years. There was significantly worse
5- and 10-year survival in the long delay group. When evalu-
ating timing as a continuous variable, the authors noted a
significant decrease in survival at a delay of 40 days.

20

In a
study examining surgical delay and outcomes across multiple
cancer types, Shin et al. found that delays greater than
12 weeks in colorectal cancers were associated with a 2–3-
fold mortality over a median follow-up of 4.7 years.

40

Finally,
Simunovic et al. used a linked SEER-Medicare database and
found that a delay of 43 days from diagnosis or 22 days from
surgical consultation was associated with worse overall sur-
vival (HR 1.1, 95% CI 1.0–1.2 and HR 1.2, 95% CI 1.1–1.3
respectively).

41

However, some studies of colon cancer did not find an
impact of delay on survival. Flemming et al. followed patients
undergoing elective colon resection in Canada for 4–10 years,
finding that longer time to surgery was not associated with

Fig. 1 Flow diagram for
inclusion of studies for colorectal
cancer
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worse cancer specific survival or overall survival at a cutoff of
42 days or when time to surgery was considered a continuous
variable.

18

Similarly,Wanis et al. evaluated stage I to III cancer
who were stratified by wait time of 30 days. There was no
difference in disease-free survival or overall survival over a
median follow-up of 2.7 years. Subgroup analysis of the group
who waited 60–90 days also did not demonstrate any signif-
icant impact on survival.

48

Pancreatic Cancer

The search strategy identified 394 abstracts: 390 from
PubMed and an additional four abstracts through reference list
review. Twenty-one full papers were reviewed and ultimately
nine papers met the criteria to evaluate whether surgical delay
affects outcomes in pancreatic cancer (Fig. 2). Extracted data
for included studies are shown in Table 2. While outcomes
and primary endpoints varied, most focused on overall surviv-
al, resectability, or progression of disease. Overall, the quality
of the studies was high with low risk of bias. Most studies
specifically excluded patients undergoing neoadjuvant che-
motherapy, while one included them and one specifically

studied only that patient group.
56–59

There was a trend to recent
publication with seven studies published after 2017.

Only one study demonstrated an improvement in overall
survival with early resection. Marchegiani et al. retrospective-
ly evaluated 217 patients who underwent surgery for resect-
able pancreatic ductal adenocarcinoma, stratifying patients by
time to surgery of less than or greater than 30 days. There was
no difference in overall survival between the groups
(31 months vs. 29 months, p = 0.2). However, in a subgroup
analysis of pancreatic ductal adenocarcinomas under 20 mm
at diagnosis (n = 84), improved overall survival was noted
with early resection within 30 days (at least 32 vs. 28 months,
p = 0.02).

54

Eshuis et al.’s study was the only randomized controlled
trial, randomizing patients with obstructive jaundice into early
surgery vs. biliary drainage followed by surgery. With a time
to surgery difference of 4 weeks (1.2 weeks vs. 5.2 weeks),
there was no difference in unadjusted survival (p = 0.91) but
early surgery was associated with fewer complications related
to either biliary drainage or surgery (29% vs 76%, p < 0.01).
Followingmultivariable analysis, a longer time to surgery was
associated with improved overall survival after surgery (per
week HR: 0.90, 0.83–0.97).

51

Two large studies analyzed data

Fig. 2 Flow diagram for
inclusion of studies for pancreatic
cancer
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from the NCDB in patients with stage I or II pancreatic ductal
adenocarcinoma. Mirkin et al. found that greater time to sur-
gery was associated with improved overall survival with the
lowest mortality in the 8–12-week group (HR 0.82, p =
0.001).

55

Similarly, Swords et al. also showed the best overall
survival was in the longest delay group of 43–120 days (HR
0.91, 0.86–0.96) also finding decreased perioperative
mortality.

58

Two studies analyzed tumor progression at time of surgery.
In 349 patients with resectable pancreatic ductal adenocarci-
noma, Sanjeevi et al. demonstrated that operating within
32 days from imaging reduced the risk of tumor progression
to unresectable disease by half. However, in those with tumor
resection, time interval did not have a significant impact on
overall survival.

56

Healy et al. also found that in patients with
resectable pancreatic or periampullary adenocarcinoma, sur-
gery within 25 days reduced unexpected progression (6% vs
17%, p < 0.05), but did not change overall survival in the
cohort. In fact, in periampullary carcinoma, waiting was asso-
ciated with improved overall survival (median OS 74.3 vs.
29.6 months, p < 0.05).

52

Teng et al.’s study was the only study to focus on patients
receiving neoadjuvant therapy and found that a time to surgery
of more than 12 weeks following conclusion of neoadjuvant
therapy was associated with more patients with clinical stage
III cancer (33.5% vs 14%, p < 0.001). However, these patients
had significantly prolonged survival on multivariate analysis
(HR 0.80, 0.65–0.99).

59

Gastric Cancer

In total, 633 abstracts were identified from the search strategy,
with 632 from PubMed and one abstract identified through
reference list review. Seven full papers were reviewed and
ultimately six papers met the criteria to evaluate whether sur-
gical delay affects outcomes in gastric cancer (Fig. 3).
Extracted data for included studies are shown in Table 3.
Four studies evaluated the timing to surgery in patients with
gastric cancer who did not receive neoadjuvant therapy, one
study evaluated gastrectomy both with and without neoadju-
vant therapy (although only specifically evaluated time to sur-
gery in the primary gastrectomy group), and one study evalu-
ated the timing to surgery after neoadjuvant therapy. All six
studies were well-designed retrospective cohorts and catego-
rized as level 2b evidence.

Three studies investigated patients with early stage gastric
cancer (stage IA, IB, or II). Kim et al. divided patients in two
groups (≤ 29 vs > 29 days) and surgery followed non-curative
endoscopic resection. There was no difference in disease-free
survival with a mean follow-up of 26.7 months.

64

A follow-up
report evaluating longer-term outcomes by Cha et al. (mean
follow-up 42 months) found no difference in disease-free sur-
vival or overall survival after multivariate analysis.

61

Fujiya

et al. looked at stage Ia/Ib gastric cancer with a time to surgery
up to 180 days (median wait time 72 days). On a multivariate
analysis, time to surgery did not impact survival.

62

The remaining studies involvedmore advanced gastric can-
cer (stage II, III). The largest study was by Brenkman et al.
with 2077 patients undergoing resection with or without neo-
adjuvant treatment. Increasing time to surgery up to greater
than 8 weeks in the primary gastrectomy group did not impact
overall survival.

60

Furukawa et al. divided the time to surgery
into three groups (30–60 days, 60–90, > 90). On initial uni-
variate analysis, early surgery was associated with worse sur-
vival; however, after multivariate adjustment, time to surgery
was not an independent prognostic factor for survival.

63

One
study included patients who received neoadjuvant chemother-
apy. Liu et al. divided the time to surgery from completion of
chemotherapy into three groups (< 4 weeks, 4–6, > 6).
Consistent with the prior studies, the interval to surgery did
not impact overall survival or disease-free survival, but a time
to surgery over 6 weeks improved pathologic complete
response.

65

Discussion

Colorectal Cancer

In both colon and rectal cancer, there is moderate evidence of
worse outcomes with delaying surgical resection. To our
knowledge, there have been no consensus guidelines pub-
lished on the timing of surgical resection in colorectal cancer.
The ACS triage guidelines for colorectal cancer recommend
resection as soon as feasible, including for primary resection
of colon cancer.

2

The guidelines also recommend considering
delayed resection of locally advanced resectable colon cancer
with administration of neoadjuvant chemotherapy for 2 to
3 months followed by surgery.

Although not seen in smaller cohort studies, multiple large
high-quality studies of the NCDB and SEER-Medicare data-
bases demonstrate increasing time to surgery in colon cancer
is associated with lower survival, with worse outcomes seen at
as little as 30 to 40 days.

20, 24, 41 These data support the expe-
ditious resection of colon cancer whenever possible based
upon available resources.

Delayed resection of colon cancer leads to delayed staging,
which in the setting of positive nodes would delay adminis-
tration of chemotherapy. If resection must be delayed, strong
consideration should be given to administration of neoadju-
vant chemotherapy to all colon cancers. Pilot study results
from the FOxTROT Collaborative Group demonstrated that
in high risk stage II and III colon cancer, 6 weeks of neoadju-
vant oxaliplatin, folinic acid, and fluorouracil therapy versus
primary resection resulted in increased downstaging (p =
0.04), decreased apical node involvement (1% vs. 20%,
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p < 0.0001), and decreased positive margins (4% vs. 20%, p =
0.002).

66

Recently presented interim results demonstrate sim-
ilar rates of 2-year relapse or persistent disease between the
neoadjuvant and control groups (14% vs. 18%, p = 0.11).

67

Given the current paucity of data for colon cancer, if neoad-
juvant chemotherapy is administered to delay resection in this
setting, surgeons should obtain frequent interval imaging to
ensure appropriate response followed by timely resection.

The ACS guidelines recommend resection as soon as fea-
sible for rectal cancer following neoadjuvant therapy and con-
sideration of delay for rectal cancer cases with “clear and early
evidence of downstaging from neoadjuvant chemoradiation,”
either with additional wait time or additional rounds of
chemotherapy.

2

The question of optimal time to surgery after neoadjuvant
therapy in rectal cancer has been under intense investigation
since the Lyon R90-01 randomized trial demonstrated im-
proved tumor downstaging and no difference in survival with
a longer wait time to surgery (6 to 8 weeks) after radiation in
1999.

68

Following neoadjuvant therapy, longer delay is asso-
ciated with improved pathologic downstaging at a variety of
time points. The impact of surgical delay on survival is less
clear. Two large NCDB studies demonstrate worse survival

with time to surgery greater than 7 to 8 weeks.
22, 43 However,

most studies—with much smaller cohorts and largely at single
institutions—did not show a survival difference with surgical
delay. Most of the time points investigated were at shorter
intervals with few beyond 8 weeks. Given the accumulated
evidence, delayed surgery up to 8 weeks following the com-
pletion of neoadjuvant therapy appears safe and allows in-
creased pathologic response. Given the progressive nature of
rectal cancer and several large studies demonstrating worse
survival after 8 weeks, surgery should not be delayed beyond
this point when possible.

Pancreatic Cancer

Pancreatic adenocarcinoma is an aggressive malignancy, with
a reported tumor doubling time of 159 days and very poor
overall survival, even in the setting of resected early stage
disease.

69

The data on time to surgery and pancreatic cancer
survival are equivocal. Some evidence suggests that resection
within 30 days decreases unexpected progression and poten-
tially improves survival for pancreatic adenocarcinomas under
2 cm.

52,54,56 However, the remainder of the included studies did
not find an association between longer time to surgery and

Fig. 3 Flow diagram for
inclusion of studies for gastric
cancer
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worse survival. Several large high-quality retrospective cohort
studies actually demonstrated improved outcomes with surgi-
cal delay of at least 6 weeks, with clear concern for selection
bias in the population. Importantly, increased time to surgery
may result in progression to unresectable disease, selecting for
less aggressive malignancies in the delayed surgery groups.
Additional selection bias may also occur in the early groups
with surgeons operating more quickly on aggressive
appearing or borderline resectable cancers. For surgery after
neoadjuvant therapy, the one study that evaluated time to sur-
gery following neoadjuvant therapy also found improved out-
comes with increasing time to surgery up to over 12 weeks,
but this suffers from the same potential bias noted above.

59

While NCCN guidelines for pancreatic adenocarcinoma
recommend surgery should occur 4 to 8 weeks after comple-
tion of neoadjuvant therapy, there are no guidelines on timing
for patients undergoing primary surgery to our knowledge.

70

Minimal evidence exists to provide a recommendation for
acceptable delay in time to surgery in pancreatic cancer. The
Society for Surgical Oncology (SSO) COVID-19 guidelines
recommend administration of neoadjuvant therapy in all re-
sectable pancreatic cancers as a means to delay surgery in this
group.

3

This is supported by recent literature demonstrating no
difference in mortality between patients with resected stage I
pancreatic adenocarcinomawho received neoadjuvant therapy
versus adjuvant therapy, suggesting that this is an acceptable
strategy to delay surgery.

71

Other recommendations from the
SSO include extending neoadjuvant chemotherapy duration
or addition of radiotherapy. It is reasonable to either adminis-
ter neoadjuvant therapy to all resectable pancreatic cancers or
perform expeditious upfront resection based upon patient and
hospital factors, including bed availability, local disease bur-
den, and local incidence trajectory.

Gastric Cancer

We did not find any studies that demonstrated an association
between delayed surgery and worsening survival in gastric
cancer. To our knowledge, no specific guidelines exist for
an appropriate time interval for surgery in patients with gastric
cancer. The SSO COVID-19 guidelines recommend endo-
scopic resection of amenable cT1a lesions, primary resection
of cT1b lesions, and neoadjuvant therapy for cT2 or higher
lesions.

3

For patients receiving neoadjuvant therapy, extend-
ing therapy should be considered if patients are responding to
and tolerating treatment.

For stage I gastric cancer, no evidence of worsened survival
was noted even with a time to surgery over 90 days. Early
gastric cancers that are amenable should be endoscopically
resected if possible; however, some evidence suggests surgi-
cal resection may be delayed 3 months without worse onco-
logic outcomes. The natural history of early gastric cancer was
reported by Tsukuma et al., who followed 71 patients with

biopsy-proven early gastric cancer who did not undergo initial
resection. Only 63% of early gastric cancer progressed to an
advanced stage in 5 years, suggesting a significant portion of
early gastric cancers do not progress and may have a more
indolent course.

72

Given this, in the setting of severe resource
constraints, deferring surgery for up to 3 months versus po-
tential neoadjuvant therapy should be considered.

For more advanced gastric cancers, insufficient evidence
exists to provide recommendations on time to surgery follow-
ing neoadjuvant therapy (as recommended by the SSO). A
single paper investigated time to surgery following neoadju-
vant therapy, with no impact on survival with time to surgery
greater than 6 weeks. In fact, this group had increased patho-
logic complete response.

65

Therefore, it may be reasonable to
delay up to 6 weeks in the neoadjuvant setting even if addi-
tional therapy cannot be given due to patient tolerance.

Limitations

There are several limitations to this review. Due to the nature
of cancer as a progressive disease, increasing time to surgery
should result in worse outcomes in the absence of other ther-
apy. Therefore, the questions we try to answer in this study is
at what delay is there clear evidence of worsened outcomes
and how can this evidence can be used to inform triage deci-
sions during the COVID-19 pandemic. All of the included
literature for primary resection was retrospective, and al-
though matching was utilized, there is clear selection bias in
the studied populations. Surgeons tend to operate sooner on
more aggressive cancers or when patients are at risk for im-
mediate complications of their malignancy. Cancer that
progressed to unresectable disease due to surgical delay sim-
ilarly is not included in outcomes. Despite careful matching,
numerous studies actually show improved survival with delay
due to these reasons. In the studies included involving neoad-
juvant therapy, there were a handful of prospective random-
ized studies; however, these failed to capture long-term out-
comes. Nearly all of the time points evaluated were chosen
arbitrarily and were highly variable between studies. Our re-
view is descriptive—given the heterogeneity in patient popu-
lations, study designs, and outcomes evaluated, we did not
pool data. Finally, this review only encompassed a search of
a single database, although additional relevant literature was
identified through a thorough review of references.

Conclusions

Moderate evidence suggests that delayed resection of colorec-
tal cancer worsens survival, although the evidence for wors-
ened outcomes in pancreatic and gastric cancers is equivocal.
Early surgical management of cancer often provides the best
chance at curative treatment, as delay invites further invasion,
progression to unresectable disease, or metastasis. The

2370 J Gastrointest Surg (2020) 24:2357–2373



COVID-19 pandemic provides a serious challenge to timely
surgical management, necessitating the evidence-based prior-
itization of certain cancer operations. Resection should occur
expeditiously depending upon the availability of hospital re-
sources and local disease burden. When timely resection can-
not occur, alternative therapies including neoadjuvant treat-
ment should be considered.
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