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Abstract
The spread of the new coronavirus (COVID-19) infection in 2020 has had a significant impact on the treatment of cancer worldwide. During the COVID-19 pandemic, the biggest challenge for pancreatic surgeons is the difficulty in providing oncological care. In this review article, from the standpoint of surgeons, we explain the concept of triaging of patients with pancreatic tumors under the COVID-19 pandemic, and the actual impact of COVID-19 on the treatment of patients with pancreatic tumors. The most vital points in selecting the best therapeutic approach for patients with pancreatic tumors during this pandemic are (1) Oncologists need to tailor the treatment plan based on the COVID-19 phase, tumor malignant potential, and patients’ comorbidities; and (2) Optimal treatment for pancreatic cancer should be planned according to the condition of each patient and tumor resectability based on national comprehensive cancer network resectability criteria. To choose the best therapeutic approach for patients with pancreatic tumors during this pandemic, we need to tailor the treatment plan based on elective surgery acuity scale (ESAS). Newly established ESAS for pancreatic tumor and flowchart indicating the treatment strategy of pancreatic cancer, are feasible to overcome this situation.
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Core Tip: In this review article, we focused on the concept of triaging patients with pancreatic tumors under the new coronavirus (COVID-19) pandemic, and the actual impact of COVID-19 on the treatment of patients with pancreatic tumors. To select the best therapeutic strategy for patients with pancreatic tumors during this pandemic, we need to tailor the treatment plan based on elective surgery acuity scale (ESAS). Moreover, newly established ESAS for pancreatic tumor and flowchart indicating the treatment strategy of pancreatic cancer, are feasible to overcome this situation.

INTRODUCTION
The World Health Organization (WHO) declared the coronavirus disease (COVID-19) a pandemic on March 11, 2020. The spread of the new coronavirus infection in 2020 had a significant impact on cancer treatment worldwide. COVID-19 infection is characterized by the following: (1) Significant ability to spread the disease by asymptomatic carriers; (2) Strong infectivity by aerosolized droplets; and (3) Increased mortality in the elderlies and/or patients with comorbidities such as diabetes mellitus[1,2], obesity[3], and cardiovascular disease[4,5]. Moreover, patients with malignant disease have an increased risk for adverse outcome from COVID-19 infection. However, inability to undergo oncological care, including surgical treatments, chemotherapy, and chemoradiotherapy, might be a larger threat, especially for patients with pancreatic cancer because of its rapid progressive nature. 
Among various pancreatic tumors, the prognosis of patients with pancreatic ductal adenocarcinoma (PDAC) is still extremely poor. This devastating tumor is a leading cause of cancer death worldwide. Indeed, multimodal treatment, including surgery, chemotherapy and chemoradiotherapy as a combination, are required to improve survival in PDAC patients. In the midst of the COVID-19 pandemic, more medical resources must be allocated to COVID-19 patients with PDAC. Thus, the number of surgeries has to be restricted and many pancreatic surgeries were stopped or postponed, which had a strong negative impact on PDAC patients. In this review article, from the standpoint of surgeons, we focused on the concept of triaging patients with pancreatic tumors, including PDAC, under the COVID-19 pandemic, and the actual impact of COVID-19 on the treatment of patients with pancreatic tumors. 

GENERAL CONSIDERATIONS REGARDING POSTPONEMENT OF PANCREATIC SURGERY
Ideally, surgical resection is the only curative treatment for patients with PDAC and other pancreatic tumors, and it is desirable that the proposed treatment be performed as planned. However, during the COVID-19 pandemic, surgery or other invasive treatments for the patients with benign or low-malignant tumors, even PDAC, might not be possible. This is due to the lack of human and medical resources such as ICU staff, beds, and ventilators. Moreover, it is well known that viral infections are most likely to affect immunocompromised patients[6,7]. Furthermore, recent studies published in China revealed that cancer patients have a two-fold increased risk of COVID-19 infection[8].  Surgical stress may negatively affect cell-mediated immunity, resulting in impaired resistance to viruses. Indeed, COVID-19 may influence the postoperative course, and increase the mortality of operative patients[9,10]. Aminian et al[10] reported four fetal surgical patients who underwent cholecystectomy, hernia repair, gastric bypass, and hysterectomy; all these patients developed severe postoperative complications associated with COVID-19 infection in February 2020. A recent meta-analysis reported a surprising finding, 28 out of 269 patients with COVID-19 infection died from postoperative complications associated with COVID-19, such as respiratory failure and acute respiratory distress syndrome (ARDS)[11]. A multicenter cohort study in Canada reported that postoperative 30-day mortality in COVID-19 patients was notably high (15.9%)[12]. To date, several researchers have warned of the increased risk of postoperative mortality in patients with COVID-19 infection and have elucidated the characteristics of high-risk patients[9,13-15]. Therefore, the management of cancer definitely requires careful triaging of cases and disease-specific considerations.
Meanwhile, the American College of Surgeons (ACS) proposed Elective Case Triage Guidelines for Surgical Care and categorized the growing severity of the COVID-19 pandemic in a hospital into three phases based on the feasibility of medical resources (Table 1)[16]. According to this Tier system, we proposed the modified pancreatic surgery acuity protocol (Table 2), since there has been no Tier system specifying pancreatic tumors so far, which might help to determine surgical urgency for various pancreatic tumors. For example, in patients with intraductal papillary mucinous neoplasms (IPMNs), surgical treatment should be considered only when there are findings such as high-risk stigmata or main duct type IPMNs according to the international consensus in 2017[17]. The surgery for IPMNs with only worrisome features should be postponed, especially when medical resources are limited. However, in IPMNs with multiple risk factors, surgery decision-making depends on the respective hospitals, but it should be performed in hospitals with low/no COVID-19 census. Most pancreatic neuroendocrine tumors (PNETs) are indolent and slow-growing; however, they have significant malignant potential. Moreover, they constitute the second most common malignancy of the pancreas. According to previous reports[18,19], small PNETs (< 2 cm) were considered to be amenable to observation. Oba et al[20] reported a retrospective study of 145 patients with NET ≤ 2 cm, in which 85 patients were under active surveillance. After one year of radiological follow-up, 82% of the patients under active surveillance did not have any change in the size of the tumor. Moreover, a recent study showed the results of a global survey to reveal the role of pancreatic surgery during the COVID-19 pandemic to optimize patients’ and clinicians’ safety and safeguard health care capacity, more than 90% of surgeons agree with the opinion that in the absence of suspicion for malignancy, surgery for PNETs should be delayed. Thus, observation of small PNETs might be acceptable during the COVID-19 pandemic unless there is lymphadenopathy or clinical symptoms, whereas large PNETs or PNETs with lymphadenopathy should be resected since there is no effective chemotherapy. Solid pseudopapillary neoplasm (SPN) is also recognized as a borderline malignant tumor. Its 5-year survival rate was reported to be 98.8% after resection, but sometimes, a large SPN presents aggressive behaviors such as rupture, abdominal bleeding, and adjacent organ invasion[21]. Thus, a large or symptomatic tumor was recommended for resection, at least in hospitals with no/Low COVID-19 census.

SURGICAL INDICATION FOR PDAC ACCORDING TO THE NATIONAL COMPREHENSIVE CANCER NETWORK RESECTABILITY CRITERIA DURING COVID-19 PANDEMIC 
Resectable PDAC
The standard treatment for resectable PDAC (RPDAC) is upfront surgery without neoadjuvant chemotherapy unless there are high-risk features including high CA19-9 Levels, large primary tumors, suspicion of regional lymph node metastasis, excessive weight loss, and extreme pain in accordance with the national comprehensive cancer network (NCCN) guideline 2019[22].  Therefore, surgical resection should be prioritized for patients with PDAC without these high-risk features. However, neoadjuvant chemotherapy might also be an acceptable alternative treatment in such cases, especially when intensive care unit (ICU) beds and ventilator capacity and other medical resources are exhausted.

Borderline resectable or locally advanced PDAC
In contrast to RPDAC, neoadjuvant chemo- or chemoradiotherapy has been regarded as standard induction therapy for patients with borderline resectable (BR) or locally advanced PDAC (LAPDAC), this strategy is adapted for them regardless of the COVID-19 pandemic. Prolongation of neoadjuvant treatment is a rational alternative for patients with BR or LAPDAC if the ICU beds, ventilators and other medical resources are saturated by COVID-19 patients. However, patients with PDAC who have already received full doses of chemotherapy and their tumor local control is favorable, should undergo tumor removal if possible. This type of aggressive pancreatectomy, so-called adjuvant surgery or conversion surgery, might have an increased risk of major postoperative complications and COVID-19 infection compared with that for RPDAC. This is due to the neoadjuvant treatment. Therefore, adequate informed consent (i.e., increased risk of COVID-19 infection, fatal complications associated with COVID-19 infection etc.) are mandatory. Furthermore, prehospital COVID-19 screening using PCR might be useful to prevent further spreading. As shown in Figure 1, we proposed a flowchart diagram providing proper treatment for PDAC patients during the COVID-19 pandemic. 

Risk of COVID-19 infection in patients with neoadjuvant treatment as an alternative to surgical resection
During the COVID-19 pandemic, the importance of neoadjuvant treatment is notably increased, as described above. Therefore, the increased risk of COVID-19 infection in patients receiving chemotherapy should be fully understood before initiating chemotherapy.
In terms of the effect of COVID-19 on patients with chemotherapy, a recent article reported that cytotoxic chemotherapy treatment was not associated with adverse COVID-19 outcomes, but peri–COVID-19 Lymphopenia, or baseline neutropenia, had worse chemotherapy outcomes[23]. Lee et al[24] elucidated that the history of chemotherapy in the past 4 wk had no significant effect on mortality in COVID-19 patients, when compared with cancer patients who had not received recent chemotherapy (OR = 1.18, P = 0.380). They also found no significant effect on mortality in patients with immunotherapy and radiotherapy use within the past 4 wk. According to NCCN guidelines[25], the following regimens are recommended for patients with locally advanced pancreatic cancer (LAPC): (1) FOLFIRINOX (folinic acid, 5-fluorouracil, irinotecan, oxaliplatin) or mFOLFIRINOX ± subsequent chemoradiation; (2) Gemcitabine + albumin-bound paclitaxel ± subsequent chemoradiation; and (3) Only for known BRCA1/2 or PALB2 mutations: FOLFIRINOX or mFOLFIRINOX or gemcitabine + cisplatin (≥2–6 cycles) ± subsequent chemoradiation.
To safely use these chemotherapies for PDAC patients during this pandemic, we need to understand that COVID-19 infection itself induces lymphopenia and neutropenia, causing further weakening of the immune system. Meanwhile, PRODIGE/ACCORD trial with FOLFIRINOX reported that the incidence of grade 3 or 4 neutropenia was seen in 45.7%[26], and MPACT trial reported that grade 3 or higher neutropenia was seen in 38% of patients in nab-paclitaxel plus gemcitabine group[27]. Therefore, to prevent leucopenia caused by COVID-19 infections, modification of the regimen or schedule (i.e., omit 5FU borus administration, switch the schedule from weekly to biweekly) might be acceptable in the setting of phases 1 to 3.

CONCLUSION
To choose the best therapeutic approach for patients with pancreatic tumors during this pandemic, we need to tailor the treatment plan based on the COVID-19 phase, tumor malignant potential, and patients’ comorbidities. Especially in PDAC, optimal treatment should be carefully individualized according to the condition. 
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Figure Legends
[image: ]
Figure 1 Flow chart for determining the treatment strategy for pancreatic ductal adenocarcinoma during COVID-19 pandemic. 1High CA19-9 level, large primary tumor, suspicion of reginonal lymph nodes metastasis excessive weight loss, and extreme pain in accordance with NCCN guideline 2019[22]. PDAC: Pancreatic ductal adenocarcinoma; RPDAC: Resectable PDAC; BRPDAC: borderline resectable PDAC; LAPDAC: Locally advanced PDAC; NAT: Neoadjuvant treantment.

Table 1 COVID-19 phases in hospital or healthcare systems  
Phase 0: No COVID-19 patients, hospital works as normal 
Phase 1: Semi-Urgent Setting. Few COVID-19 patients, hospital resources not exhausted, institution has still enough ICU ventilator capacity and COVID case trajectory not in the rapid escalation phase 
Phase 2: Urgent Setting. Many COVID-19 Patients, ICU beds and ventilator capacity limited, OR supplies limited or COVID case trajectory within the hospital in rapidly escalating phase 
Phase 3: Emergent setting. All hospital resources devoted to COVID-19 patients, no ventilator, ICU beds, OR supplies exhausted.
ICU: Intensive care unit; OR: Operation room.


Table 2 Modified elective surgery acuity scale for pancreatic tumor in hospital with low/no COVID-19 census
	Tiers/Description
	Description
	Location
	Examples of primary diseases
	Action

	Tier 1A
	Low acuity surgery/healthy patient
Not life-threatening illness 
	Hospital with low/no COVID- 19 census
	BD-IPMN without worrisome feature, SCN < 40 mm, other asymptomatic benign pancreatic tumors
	Postpone surgery 

	Tier 1B
	Low acuity surgery/unhealthy patient 
	Hospital with low/no COVID-19 census
	
	Postpone surgery

	Tier 2A
	Intermediate acuity surgery/healthy patient 
Not life-threatening but potential for future morbidity and mortality 
May require in-hospital stay 

	Hospital with low/no COVID-19 census
	BD-IPMN with worrisome features, SCN > 40 mm, Asymptomatic PNET < 20 mm, Asymptomatic small SPN (< 20 mm), Mucinous cyst neoplasm
	Phase 1
Postpone surgery if possible and active surveillance 
Phase 0
Perform surgery under the maximum preparation for infection control

	Tier 2B
	Intermediate acuity surgery/unhealthy patient 

	Hospital with low/no COVID-19 census
	
	Phase 1
Postpone surgery if possible and active surveillance 
Phase 0
Perform surgery under the maximum preparation for infection control

	Tier 3A
	High acuity surgery/healthy patient 

	 Hospital with low/no COVID-19 census
	PDAC, BD-IPMN with high risk stigmata, Symptomatic PNET, PNET > 20 mm, PNET with lymphadenopathy, symptomatic or large (> 20 mm) SPN
	Perform surgery under the maximum infection control

	Tier 3B
	High acuity surgery/unhealthy patient 
	 Hospital with low/no COVID-19 census
	
	Perform under the maximum infection control


PDAC: Pancreatic ductal adenocarcinoma; IPMN: Intraductal papillary mucinous neoplasm; BD-IPMN: Branch duct type IPMN; SCN: Serous cyst neoplasm; PNET: Pancreatic neuroendocrine tumor; SCN: Solid pseudo papillary neoplasm.
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