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Introduction

The pandemic due to infection with the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), so 
called the coronavirus disease 2019 (COVID-19) pandemic, 
has probably led to a slowdown in the sanitary taking care 
in patients with many different diseases, including cancers. 
One of the obvious consequences was the reorganization 
over only a few days in hospitals and university medical 
centers of different departments providing patient care, 
including the emergency services and critical care units. 
The almost daily improvement in the knowledge into the 
epidemiology rapidly modified the work of other clinical 

and hospital departments such as those involved in care of 
patients with cancer, patients who are very susceptible to 
infection with SARS-CoV-2 (1-3). Notably, the current 
pandemic requires unusual allocation of healthcare 
resources which may negatively impact the care of patients 
with thoracic cancer that continue to require urgent medical 
attention. Certain hospitals providing thoracic surgery and 
managing surgical lung specimens were sometimes limited 
by local decisions leading to decrease their workload or to 
adhere to some national recommendations. Some of these 
decisions were made to meet the medical and paramedical 
needs for the more or less urgent care of hospitalized 
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patients with COVID-19 and were based on the need to 
reprogram surgery considered to be less urgent. The real 
impact of COVID-19 on surgery in thoracic oncology is 
difficult to estimate at present but since the beginning of 
the pandemic there is most certainly a decrease in activity, 
which differs according to the institution and the local, 
regional and national epidemiology of this viral infection.

In the context of the COVID-19 pandemic, the 
collection of biological samples (fluids and tissues) for 
research programs in oncology and the management of 
the biobanks are directly concerned, notably in the area of 
thoracic oncology. In fact, it is certainly in this latest domain 
that the work of the biobank should be the most affected. 
Moreover, it should be pointed out that a number of studies, 
while controversial for some, indicated that the population 
of patients with lung cancer contracts COVID-19 more 
often than the general population (1-4).

Information concerning the degree of contagiousness 
of SARS-CoV-2, notably in a laboratory of pathology, 
requires that good practice in hygiene and security be 
adopted for management of biological samples. Knowing 
that uncertainty exists concerning the presence and viability 
of the virus in different samples this information may lead 
to new recommendations, particularly for the collection and 
use of tissues and fluids for research in thoracic oncology.

This review deals with the present challenges that 
pathologists as well as biobankers must urgently face during 
the COVID-19 pandemic for the management of samples 
for research in thoracic oncology. It also presents the 
possible requirements that those requesting samples may 
express in the near future.

Management of samples in pathology 
laboratories and potential recommendations

Recent publications show that SARS-CoV-2 is present and 
viable for at least several hours on different surfaces and in 
the air in aerosols and in droplets expired by patients (5,6). 
The capacity of different coronaviruses to reside and survive 
on different surfaces (paper, cardboard, aluminum, plastic, 
sponges, surgical masques, latex gloves, etc.) has been 
reported, particularly after the first epidemics of SARS-
CoV-1 and Middle East respiratory syndrome coronavirus 
(MERS-CoV) and more recently during the SARS-CoV-2 
pandemic (7-9). SARS-CoV-2 can be detected in a number of 
organs, tissues, cells and biological fluid and is most certainly 
viable in a number of non-fixed biological samples (10).  
This is particularly true for samples of tissues and cells 

obtained from the departments of lung pathology [biopsies, 
bronchoalveolar lavage (BAL), bronchial aspirations and 
smears, bronchial swabs, endobronchial ultrasound cytology, 
pleural fluid, etc.] and thoracic surgery (surgical specimens 
from the lung, pleural and mediastinal samples). The 
contagiousness characteristic of non-fixed samples sent to 
the pathology laboratories is probably a reality, despite the 
fact that no case of infection of staff handling one of these 
samples in a pathology laboratory has been reported to date. 
The handling of surgical samples or of non-fixed biopsies 
of a patient with a suspected lung cancer, in particular for 
frozen section examination requires selected, oriented and 
multiple sampling performed by the pathologist. Frozen 
tissue can be infected and these sections in a cryostat can 
be made by the technician. Cytological lung samples are 
often transferred fresh to the pathology laboratory and 
must be immediately treated by the technician, notably 
centrifuged (11,12). All this work requires the adoption 
and adherence of high precautions concerning hygiene 
and security as described below, while following a certain 
number of recommendations put forward very recently at 
an international level.

The general precautions to follow in handling all 
biological samples in a pathology laboratory are of course 
those already applied before the COVID-19 pandemic. 
However, it is important to reiterate these precautions 
and to train all the staff but also to reinforce protection 
and decontamination procedures (7). Aside from the 
bronchopulmonary tree, the presence of SARS-CoV-2 or 
its RNA has been detected in many other organs including 
those from the head and neck area, the digestive tract, 
the central nervous system and the kidney until now, and 
more exceptionally in feces and blood (10,13-22). Other 
organs are potentially concerned, including the heart and 
blood vessels containing cells expressing angiotensin-
converting enzyme 2 (ACE2), the SARS-CoV-2 receptor 
which was initially identified on bronchial cells (23-25). 
However, the virus may not be detected in other biological 
samples (26). Nonetheless, the regulations concerning 
hygiene and security must, in principle, be applied to the 
handling by the clinical pathology laboratory of all non-
fixed tissue and cellular samples (11,12). In addition, the 
COVID-19 pandemic also changed suddenly the way 
molecular pathology laboratory worked (27,28). In this 
context, the biosafety rules need to be applied to molecular 
pathology work. So, some institutions have prioritized 
fully automated technologies to limit long hands on time 
which is usually mandatory for next generation sequencing 
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approach (27,28). This is of strong interest when working 
with non-fixed samples, notably with liquid biopsies. This 
also applies to autopsies and all suspicions of infection with 
SARS-CoV-2 which require an autopsy have to be done 
following the biosafety level 3 (BSL3) guidelines as for 
other coronaviruses (29-33).

Thus, a number of comments can be made for the 
management of human samples in the period of COVID-19 
pandemic, notably in a laboratory of pathology. The 
regulations for good practice in the handling of tissue and 
cellular samples in pathology have already existed for a long 
time since all non-fixed samples are potentially infectious, 
disregarding the pathology. So pathologists and technicians 
are well aware of the possible infectious nature of some 
cancer samples infected with pathogens such as hepatitis B 
or C viruses, Human Immunodeficiency virus, mycobacteria 
or others pathogens such as respiratory viral agents, just to 
mention a few, all of which are known to be virulent when 
present in human samples. Thus, the question as to whether 
new precautions need to be established and adopted in the 
context of the COVID-19 pandemic can be asked. Since 
the start of this pandemic and as the weeks pass more and 
more is learnt about the SARS-CoV-2 and its potential 
degree of virulence, which is higher than initially suspected. 
Thus, the survival of the virus in air and contamination of 
the air, even at a distance of several meters from a subject to 
another one, is possible and may be greater than for other 
identified coronaviruses (7). As consequences, this requires 
that the pneumatic tubes existing in a number of pathology 
laboratories should not be used. These pneumatic tubes 

transport samples from the sites of endoscopy or from 
operating rooms to the pathology laboratories. It is in 
fact a rapid, economical and simple way of optimizing the 
traceability of the transport and of better mastering the time 
of cold ischemia of the non-fixed sample (34-36). Moreover, 
many hospitals have prohibited the use of formalin in 
surgical departments that are not equipped with chemical 
hoods. These pneumatic tubes can be used to transport 
tissues, cells and biological fluids including blood. One of 
the consequences of the international recommendations 
that take into consideration the COVID-19 pandemic is the 
suppression of the use of pneumatic tubes to transfer non-
fixed samples from patients infected with SARS-CoV-2 to 
the pathology laboratories (37-40). It is noteworthy that 
this restriction was already applied during the previous 
SARS-CoV-1 epidemic (41). A preliminary survey made on 
the 15th of April 2020 in 15 French pathology laboratories 
(headed by pathologist experts in thoracic oncology 
belonging to the “PATTERN” group) and in 14 pathology 
laboratories of different countries [USA, Spain, Italy (n, 5), 
Germany (n, 2), Portugal, Denmark, Scotland, Netherlands, 
Slovenia] reported that 11/16 (69%) of the 16/29 (55%) 
of laboratories which were equipped with pneumatic tubes 
no longer used them for transfer of samples (42) (Table 1). 
However, some laboratories continued to use pneumatics 
for transfer of fresh samples if the COVID-19 status of the 
patient was unknown (Table 1).

Some new workflows and mandatory procedures 
have been rapidly set up in pathology laboratories to 
ensure staff biosafety, according to different international 

Table 1 Current practices (April 15th, 2020) in 24 European Pathology laboratories having a strong expertise on thoracic oncology

Biosafety procedures Number of laboratories [%]

1. RT-PCR detection of COVID-19 before operating procedure

For thoracic surgery

All patients 4/29 [14]

Febrile patients and/or CT scan suggestive of infection 21/29 [72]

None patients 4/29 [14]

For thoracic endoscopy

All patients 3/29 [10]

Febrile patients and/or CT scan suggestive of infection 24/29 [83]

None patients 2/29 [7]

Table 1 (continued)
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Table 1 (continued)

Biosafety procedures Number of laboratories [%]

2. Sample (fresh and/or formalin-fixed) transfer from clinical department(s) to the pathology laboratory

Using pneumatic tube [16/29 (55%) laboratories are equipped]

Transport interruption for

All samples 11/16 [69]

COVID-19 positive samples only 3/16 [19]

No transport interruption for

All samples 1/16 [6]

COVID-19 negative samples only 1/16 [6]

Using courier transport only 13/29 [45]

3. Equipment—biological safety room and cabinet

For gross macroscopy of fresh sample and frozen section procedure

Under a BSC 2 8/29 [27]

Under a chemical hood 17/29 [59]

On a table with air aspiration 4/29 [14]

For cytological and liquid samples management

Under a BSC 2 29/29 [100]

Under a chemical hood 0/29 [0]

4. Personal protective equipment for pathologist and technician

Mask 29/29 [100]

Surgical mask 20/29 [69]

FFP2 or FFP3 masks 6/29 [21]

N95 respiratory type 3/29 [10]

Surgical gloves 29/29 [100]

Wearing one pair 26/29 [90]

Wearing two pairs 3/29 [10]

Eye protection 24/29 [83]

Plastic glasses 20/29 [69]

Safety face shields 4/29 [14]

Surgical cap 8/29 [28]

Surgical overshoes 7/29 [24]

Coats 21/29 [72]

Disposable coat only 19/29 [65]

Plastic apron over a disposable coat 2/29 [7]

RT-PCR, reverse transcriptase polymerase chain reaction; COVID-19, coronavirus disease 2019; CT, computerized tomography; BSC 2, 
biological safety cabinet of class II; FFP, filtering facepiece.
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recommendation (43). Due to the virulence of SARS-CoV-2 
gross macroscopy and dissection of non-fixed surgical 
specimens and frozen section procedures should require the 
use of a biological safety cabinet of class II (BSC 2) hood 
and not a chemical hood (39,40). However, it is not certain 
that all pathology laboratories are equipped with a dedicated 
room and BSC 2 for such gross macroscopy and frozen 
section work, while all have a chemical hood for dissection 
of surgical specimens. In this regard the organization of 
pathology laboratories probably varies among institutions 
where some BSC 2 are used only for handling of fluids 
and cytological examinations (such as bronchial aspirates, 
pleural liquid, BAL), and are not installed in rooms for 
gross macroscopy of fresh surgical specimen. An enquiry 
performed with the 29 above-mentioned laboratories 
reported that 121/29 (73%) performed dissections of non-
fixed lungs, notably during frozen section procedure under 
chemical hoods or even on tables equipped with aspiration 
(Table 1). It should be pointed out that the accreditation 
of pathology laboratories in Europe requires the ISO 
15189 norm and the chapter concerning the hygiene and 
security of the personal does not give a lot of detail in 
this domain (44). Interestingly, the control by mandated 
auditors designated by the organizations issuing ISO 15189 
accreditation norm, of the transfer of non-fixed samples into 
the pathology laboratories and the handling under chemical 
and/or microbiological hoods is not explicitly stipulated by 
this norm (44).

High level of precautions to protect the staff working 
at the macroscopic level while handling non-fixed surgical 
specimens, cytological samples or liquids (BAL and 
cell counts, bronchial aspirates and swabs, fine-needle 
aspirations, pleural and cerebrospinal fluids and blood) 
must be systematically adopted during this pandemic, 
whether the COVID-19 status of the patient is known or 
not. The optimal precautions include wearing an effective 
protective masque [filtering facepiece (FFP) 2, FFP3 or 
N95 respiratory type], two pairs of gloves, eye glasses or 
a protective screen, head ware, shoe covers, disposable 
laboratory coats and plastic aprons (5,37,39,40,45-47). 
All personnel must be equipped with this protective ware 
before entering the room where samples are manipulated 
and the door kept closed after entering of each personnel. 
The procedures for evacuation of the rubbish must be 
known by all laboratory staff and the elimination of the 
rubbish must be controlled via a well-established one-way 
circuit into the laboratory. Strict measures of disinfection 
of the different surfaces of the laboratory must be applied 

several times during the day (38). The survey made from 
the 29 laboratories revealed that the practices of the 
different pathology laboratories varied considerably from 
a laboratory to another one: 9/29 (31%) and 20/29 (69%) 
laboratories equipped the staff with FFP2/N95 respiratory 
and surgical masks, respectively; two pairs of gloves were 
used in three laboratories only; a plastic apron over a 
disposable coat were used in two other laboratories only; 
19/29 (65%), 8/29 (28%) and 7/29 (24%) used disposable 
coats, surgical cap and surgical overshoes respectively. All 
the 29 (100%) laboratories used for eye protection (plastic 
glasses or safety face shields) (Table 1).

When considering the above-mentioned elements, the 
question of how to manage non-fixed thoracic samples 
when the COVID-19 status is not known before surgery 
or cytological examination, which represents probably the 
majority of cases until now, can be raised. Recommendations 
were rapidly issued by different scientific organization at 
a national level, for example in France, by the society for 
thoracic and cardio-vascular surgery (48). For this latter 
society, investigation into the COVID-19 status using 
reverse transcriptase polymerase chain reaction (RT-PCR) 
from nasopharyngeal samples should be performed for only 
febrile patients or for those showing-suggestive-images of 
COVID-19 infection on computerized tomography (CT) 
scans (48). So infected asymptomatic patients who are 
nonetheless contagious are currently not test for the virus 
before thoracic surgery, at least in certain institutions and 
countries (49,50). Thus, without knowing it, it is possible 
that non-fixed tissue and cell samples from patients with 
COVID-19 are handled in the pathology laboratory. 
Transport by pneumatic tubes may keep going to operate in 
several laboratories, in the absence of systematic detection 
of SARS-CoV-2 infections in patients (38). Consequently, 
a number of hospitals set up RT-PCR for detection of 
the virus in cellular nasopharyngeal samples. Among the 
29 pathology laboratories consulted only 4/29 (14%) 
obtained the COVID-19 status of the patients treated in 
the department of thoracic surgery before receiving the 
samples (Table 1). Knowledge concerning the degree of 
contagiousness and of the virulence of SARS-CoV-2 has 
evolved rapidly, but a number of uncertainties persist (51).  
So, this virus is certainly more contagious than other 
coronaviruses including SARS-CoV-1. Thus, asymptomatic 
patients and/or those at a stage of incubation can transmit 
the infection several days before becoming immunized and 
experiencing symptoms such as fever and cough. Moreover, 
according to some studies, detection of the virus by RT-
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PCR can give a negative result in a significant percentage 
of cases (52). Thus, a first negative PCR result can require 
an additional sample for a new test 48 hours later. In this 
context, it should be possible to transfer samples from 
patients who have two negative tests using pneumatic tubes. 
Samples from positive patients are carried manually from 
the surgical and clinical departments to the laboratory and 
gross macroscopic examination of the non-fixed surgical 
specimens as well as cytological samples and fluids are 
handled according to the precautions mentioned above. 
The question as to whom and when to test by RT-PCR 
can be raised. Ideally, this should be done first during the 
first visit with the anesthetist and second the day before 
surgery or endoscopy, thus, ensuring that all patients are 
not infectious up to the time of hospitalization and surgery. 
The possibility of testing for specific antibodies in plasma 
before surgery can also be considered, knowing however 
that positivity does not mean total absence of viral particles 
in the respiratory tree and that the level of security is 
lower than with results of RT-PCR from the respiratory 
epithelium (53).

SARS-CoV-2 is inactivated after an as yet undetermined 
time when samples are fixed in formalin (38). The steps 
of dehydration and tissue embedding in paraffin also 
completely inactivate the virus. However, the question of 
how long the virus survives on certain surfaces still persists, 
particularly on certain plastic. The disinfection of cassettes 
from formalin-fixed paraffin-embedded (FFPE) tissue with 
alcohol-based gels (containing 70% ethanol and 0.1% 
sodium hypochlorite) may also be recommended (38,40).

Since recent years, a number of pathology laboratories perform 
blood tests for detection of genomic alterations of patients 
with advanced non-small cell lung carcinomas, in particular 
for mutations in epidermal growth factor receptor (54).  
These tests require centrifugation within a few hours 
of blood sampling of tubes containing an anticoagulant. 
These tubes can be sent via pneumatic tubes or carried by 
hand. According to different studies the risk of infection 
with SARS-CoV-2 from blood samples is very low and 
is detected in only 1% of samples (10). Nonetheless, the 
possible presence of SARS-CoV-2 in plasma and in pellets 
of leucocytes requires the same degree of precaution as 
mentioned above, in particular when the patient is known to 
carry the virus in the nasopharynx (55).

The set up and adoption of the practices described above 
necessitate new rules for the procedures employed in the 
pathology laboratory and for the work of the pathologists 
and technicians. This has probably a more or less important 

impact on the delay of transmission of the results and on 
the budget of the laboratory.

Management of tissue and liquid samples in 
biobanks

The transmission to the biobank of tissue, cytological and 
liquid samples from patients with lung cancer and then 
their management occur most often after a quality control 
of these samples in a laboratory hospital aiming to provide 
care for these patients. Thus, samples initially obtained 
for diagnostic purposes are requalified to translational 
research purpose. The mastering of collections within 
biobanks probably differs depending on whether the 
hospital laboratory and the biobank are on the same site 
(same floor or same building) or on several sites and if one 
or different staff members manage the pathology laboratory 
and/or the biobank. The traceability, quality control and 
the information associated with the sample as well as the 
rapid transfer from the care zone to the biobank is probably 
facilitated by close contact of the two structures and if the 
responsibility for the management is shared by the same 
team (56). The management of the sample transfer and of 
the different procedures is optimal if the same team is aware 
of the norms for quality that exist in both the pathology 
laboratory and the biobank. This may become even more 
important in the context of the COVID-19 pandemic 
since the traceability of the associated data of the sample is 
particularly valuable and mandatory.

Three situations can be described:

(I) The samples come from SARS-CoV-2 infected 
patients (RT-PCR positive). Disregarding the type 
of sample (fresh or frozen tissues, cells, biological 
fluids such as pleural or cerebrospinal fluids, blood 
and blood derived products FFPE tissues, feces, etc.) 
they are all considered to be potentially infectious. 
Information must be transferred to the hospital 
laboratory and reception of this information by 
members of the biobank, including the head of the 
biobank, must be acknowledged. Before transfer 
of any sample to the biobank all containers must 
be disinfected (tubes, plastic cassettes) with the 
appropriate solutions (alcohol-based gels and/or 
bleach). All samples must be stored in a zone separate 
to those for storage of samples before the COVID-19 
pandemic.
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(II) The samples from patients tested negative by RT-
PCR the day before their transfer to the pathology 
laboratory. Ideally the containers are disinfected as 
mentioned above (since these samples come from a 
hospital laboratory handling potentially infectious 
material from COVID-19 positive patients) but can 
be stored in the biobank with samples collected before 
the COVID-19 pandemic. However, “zero” risk does 
not exist even with two nasopharyngeal cell samples 
RT-PCR test negative. Thus, in theory all the samples 
could be considered as potentially infectious (17).

(III) The samples come from patients for whom the 
COVID-19 status is not known because no RT-PCR 
test was performed. In theory, all the samples must be 
considered as potentially infected by the virus. The 
risk is particularly high for fresh and frozen tissues, 
as well as for frozen fluids that are transferred to the 
laboratory hospital. If non-frozen liquid samples are 
transferred directly from a hospital laboratory to a 
biobank they must be systematically aliquoted under 
a BSC 2 by personnel appropriately protected with 
the afore mentioned clothing and procedure. The 
handling and storage of the samples must follow 
the same circuit as that mentioned in the above 
section number 1. Ideally, the procedures for storage 
may be modified if serological tests are performed 
retrospectively on patients to determine if they were 
infected or not with SARS-CoV-2. However, it is 
known that some seropositive patients can still be 
infectious and thus their samples too.

The COVID-19 pandemic and the precautions 
mentioned above require transmission of even more specific 
information that is essential to the staff working or going 
to work in biobanks. This different information can be 
transmitted in particular through different specialized 
education and training programs (57,58).

Requests by the end users

Research scientists of academia domains and of the 
biotechnology and pharmaceutical industries need many 
tissue, cell or liquid samples for translational research. 
Thanks to these samples from lung cancer patients and 
associated high quality clinical data research into thoracic 
oncology has evolved considerably during the last few 
years, leading to the discovery of diagnostic, prognostic 
and theranostic biomarkers. The use of biological samples 
by scientists is associated with legal and ethical regulations, 

the establishment of a material transfer agreement and by 
requirements presented by different partners (from the 
hospital executive, the biobanker, and the scientist) (59,60). 
These requirements take into account the guidelines 
adopted by the respective countries and the regulations for 
importation and exportation of human samples. In all cases 
traceability of the samples must be assured by providing 
information concerning the origin of biospecimens, in 
respecting the laws of the country from which the samples 
are obtained and indicating their final use (61). These 
different points are presently part of the work of the 
biobanks and are essential to certification according to the 
ISO-9001:2015 and S96-900 norms or to accreditation 
according to the ISO 20387:2018 norm (62-64) .  
The COVID-19 pandemic may result in an immediate 
decrease in the collection and use of biological samples 
for research, in particular into thoracic oncology (65). It 
is essential to respect all the procedures mentioned above: 
The biobank delivering samples to scientists could mention 
the COVID-19 status of the patient but this point must 
then appear on the informed consent signed by the patient 
and be mention as soon as possible in the near future. 
Thus, distinction between RT-PCR testing for the virus 
at one or two times separated by 48 hours, including the 
day before the sampling, or serological testing must be 
done. Results of RT-PCR or serological testing may be 
requested by the end users in the near future before using 
samples from lung cancer patients. This seems mandatory 
for fresh or frozen tumor lung samples, but may also be 
applied to tissue-derived products (such as nucleic acids), 
fluids or even for tissues and FFPE cells. Scientists may 
also request that the tubes and paraffin plastic cassettes be 
disinfected prior to transfer and ensure that the transport of 
the packages respects safety requirements. Thus, the budget 
set aside for the use of biological samples for research 
purposes may increase (66). Transport of the samples by 
the biobank must follow guidelines already established for 
potentially infectious human samples. Transport may be 
the responsibility of the biobank or under the responsibility 
of the carrier who must thus have proof of expertise in this 
domain.

Handling of non-formaldehyde fixed samples by the 
end-users must be done respecting the above-mentioned 
precautions, in particular under a PSM2 hood and by 
appropriately equipped and protected staff, notably 
with FFP2 or FFP3 masks. The culture of cells from 
tumor samples leads to a number of important questions 
concerning security when the COVID-19 status of the 
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patient is not known. However, in this context all samples 
must be considered as potentially infectious for the 
SARS-CoV-2, which requires manipulation in a BSL3 
environment (29,37-40).

Conclusions

The COVID-19 pandemic has had and will have further 
consequences on translational research in thoracic oncology. 
In fact, the number of both frozen and fixed samples 
collected since the beginning of the pandemic in hospital 
laboratories and subsequently managed by biobanks has 
probably decreased considerably, even if there are no global 
estimates to date. For example, the number of patients 
with lung cancer who were operated on and from whom 
tissue samples (FFPE) were collected in the biobank of 
the Nice University Hospital (France) between January 1 
and April 15 in 2019 was 155 samples from 198 operated 
patients (78%) vs. 68 for 165 operated patients (41%) 
for the same period in 2020 (personal communication). 
The decrease of collected samples may be linked to the 
urgent reorganization of patient care and of the pathology 
laboratories of the hospitals, but also to the potential 
slowing of research into thoracic oncology, to the need to 
reorientate the work of staff providing patient care, to the 
influx of patients with COVID-19 and to the adoption of 
very strict guidelines for hygiene and safety for the handling 

of lung cancer samples in both hospital laboratories and 
biobanks. As soon as the COVID-19 pandemic was declared 
it was urgent to adopt in a retrospective and prospective 
way some new recommendations for the collection, storage 
and transfer of tumor samples, in particular because a 
number of uncertainties still exist concerning the SARS-
CoV-2 and its virulence (51). In this context establishment 
of best practices to support biological safety of the personal 
working in different laboratories is mandatory (Table 2). 
Collect samples such as nasopharyngeal swabs, BAL and 
blood from infected patients in biobanks from different 
countries is certainly a critical point for the development of 
near research programs for better knowledge of the SARS-
CoV2 pathophysiology (67). However, a major issue is also 
to maintain enough high-quality biological samples and 
associated clinical data to continue to develop translational 
research projects in thoracic oncology since the number of 
accessible samples for end-users may rapidly decrease in the 
near future.
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Table 2 Best practices to support biological safety for personal working on samples from lung cancer patients in pathology, biobank and/or  
research laboratories during the COVID-19 pandemic

1. Assessment by RT-PCR testing of the COVID-19 status for patients undergoing thoracic surgery and/or lung endoscopy

2. Transport of samples from patients with positive or unknown status for COVID-19 by courier transport only, banning the use of  
pneumatic tube

3. Use of certified BSC 2 for gross macroscopy of fresh tissue sample, frozen section procedure and fresh cytological and liquid sample 
management

4. Use of centrifuge with sealed rotor or safety cups for cytological and liquid sample management

5. Optimal personal protective equipment: FFP2/FFP3 masks or N95 respiratory type; two pairs of gloves; safety face shields or plastic 
glasses; surgical cap and overshoes; plastic apron over a disposable coat

6. Identify personal affected through the workflow of samples from COVID-19 infected patients in pathology, biobank and research  
laboratories

7. Provide all available information on biological risks to personal of pathology, biobank and the research laboratories

8. Develop an appropriate training and educational program, including best practices for working in a BSL2 environment, and give  
practical recommendation (such as banning multihead microscope examination of clinical cases, or how to use disinfection protocol, 
etc.)

COVID-19, coronavirus disease 2019; RT-PCR, reverse transcriptase polymerase chain reaction; BSC 2, biological safety cabinet of class 
II; FFP, filtering facepiece; BSL2, biosafety level 2.
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