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Abstract

Purpose Spain has been one of the most affected countries by the COVID-19 pandemic, being among the countries with worse
numbers, including the death rate. However, most patients are asymptomatic, although they are very contagious. The objective of
this study was to investigate the incidence in oncological patients infected with SARS-CoV-2 that are asymptomatic for COVID-
19 and at home and that undergo PET/CT for oncologic indications, nonrelated to COVID-19, finding in the PET/CT lung
alterations that are suggestive of SARS-CoV-2 infection.

Methods During the period of maximum incidence of the global pandemic in one of the most affected regions of Spain, there
were 145 patients that met inclusion and exclusion criteria and were included in the study. Imaging findings previously described
such as ground-glass opacities with low ['*F]-FDG uptake were considered images suspicious for SARS-CoV-2 infection.
Patients with these findings were referred to RT-PCR testing and close follow-up to confirm the presence or absence of
COVID-19.

Results Suspicious lung imaging findings were present in 7 of 145 patients (4.8%). Five of these 7 patients were confirmed as
presenting SARS-CoV-2 infection, this is, COVID-19. In the remaining two, it was not possible to confirm the presence of
COVID-19 with RT-PCR, although in one of them, PET/CT allowed an early diagnosis of a lung infection related to a bacterial
pneumonic infection that was promptly and adequately treated with antibiotics.

Conclusion These results confirm that the prevalence of SARS-CoV-2 infection is higher than suspected and that there are
asymptomatic patients that are attending imaging departments to be explored for their baseline oncologic processes. In these
patients, PET/CT allows an early diagnosis of COVID-19.
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Introduction the Chinese province of Hubei, in December 2019 [1]. The
World Health Organisation (WHO) declared coronavirus

In 3 months, the infection by COVID-19 virus (also named disease-19 (COVID-19) a health emergency at the end of

“severe acute respiratory syndrome coronavirus 2 or SARS-
CoV-2) has become the first global pandemic of the new mil-
lennium. The first cases were reported in Wuhan, the capital of
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January 2020, spreading quickly to many countries by com-
munity transmission, a global pandemic being declared a
global pandemic the 11th of March [2]. In Spain, the first case
of COVID-19 was confirmed in the Canary Islands the 31st of
January, spreading fast to the rest of Spain. The region of
Madrid is the one that accumulates a highest number of cases
and the region of La Rioja is the one with the highest inci-
dence rate, with over 1500 cases per 100,000 inhabitants. La
Rioja region presents 4054 confirmed cases of SARS-CoV-2
infection in a population of 316,798 (January 2020), giving a
known prevalence of 12.8/1000 confirmed cases of SARS-
CoV-2 in La Rioja region [3].
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The diagnosis of the disease has been mainly clinical based
on the symptomatology referred by the patients and confirmed
by a real-time reverse transcriptase-polymerase chain reaction
(RT-PCR) test. A low percentage of patients develop respira-
tory distress with a fatal outcome in some of them. However,
most infected patients remain asymptomatic or present very
mild symptoms. It is probably this group of patients that has
contributed to the expansion of the disease.

Medical imaging departments, including Nuclear
Medicine, have not been unconnected to this disease. As the
rest of specialities, patients have continued attending the di-
agnostic and therapeutic procedures when indicated. This im-
plies that it was to be expected that patients with SARS-CoV-
2 infection, although asymptomatic, have attended their ap-
pointments without a previous diagnosis of COVID-19. In
these patients, the imaging findings of the Nuclear Medicine
procedures has provided the diagnosis of COVID-19, as in our
previously published case [4].

The aim of this study was to retrospectively analyse the
incidence of suspicious imaging findings of COVID-19 in
PET/CT performed in asymptomatic patients referred to our
Department with oncologic indications.

Materials and methods

We retrospectively analysed PET/CT studies performed from
the day of the first diagnosed COVID-19 patient in La Rioja
region, the 2nd of March 2020, to the 22nd of April 2020.
Inclusion criteria were the following: (a) outpatients referred
to Nuclear Medicine for whole-body PET/CT, (b) with ['*F]-
FDG or ['®F]-fluorocholine, (c) referral was due only to on-
cologic indications, and (d) patients were asymptomatic for
SARS-CoV-2 infection. Exclusion criteria were the follow-
ing: (a) inpatients, (b) non-oncologic indications, (c) non-
whole-body PET/CT, and (d) symptomatic or suspicion of
COVID-19. Finally, 145 patients were included.

['®F]-FDG PET/CT and ['®F]-fluorocholine PET/CT were
performed following the European Association of Nuclear
Medicine (EANM) procedure guidelines [5] and Spanish
guidelines [6]. The studies were analysed by two nuclear med-
icine physician experts in PET/CT, independently and consec-
utively reading the scans and then reaching a consensus, pre-
senting both evaluations 100% concordance. A special em-
phasis was done on the known lung findings described in
asymptomatic patients with SARS-CoV-2 infection [7].
Ground-glass opacities (GGO) have been reported as primary
CT findings in COVID-19 [8, 9], whereas pleural effusions
and the tree-in-bud sign are atypical in COVID-19, possibly
related to complications (pleural effusions) or superadded bac-
terial infection (tree-in-bud sign) [9, 10]. Also, the grade of
radiotracer uptake in these lung lesions was investigated. In
the patients in which lung lesions suspicious of COVID-19

were found, the referring physician was contacted and in-
formed that the suspicion should be confirmed with RT-
PCR or clinical follow-up.

An independent ethical committee for clinical research
(Comité de Etica de Investigacion con medicamentos de La
Rioja, CEImLar) approved the study design (Ref. CEImLAR
P.I. 431) in Spain.

Results

One hundred forty-five patients (50 men, average age
60.8 years, range 21-89) met the inclusion and exclusion
criteria and were finally included in the study. The radiotracer
used was ['®F]-FDG in 132 (91%) patients and ['F]-
fluorocholine in 13 (9%) patients. The characteristics of the
patients studied are presented in Table 1, including known
primary tumours and the oncological indications of the PET/
CT.

In 7 patients of the 145 included (4.8%), lung imaging find-
ings suspicious of SARS-CoV-2 infection were found. All 7
patients corresponded to ['*F]-FDG PET/CT studies; no ['*F]-
fluorocholine PET/CT showed imaging findings suspicious of
COVID-19. The characteristics of these findings are described

Table 1  Characteristics of the population included in the sample
Number Percentage (%)
Total included 145
Sex
Women 50 345
Men 95 65.5
Neoplasms
Lymphomas 33 22.7
Lung 24 16.5
Head and neck 20 13.8
Prostate 14 9.6
Multiple myeloma 9 7.5
Breast 8 55
Digestive 11 7.5
Gynaecological 7 4.8
Urological 7 4.8
Others 9 6.2
Radiopharmaceuticals
['*F]-FDG 132 91
['®F]-Fluorocholine 13 9
PET/CT indications
Malignancy diagnosis 8 5.5
Staging 52 35.8
Therapeutic response 30 20.7
Suspected recurrence 55 37.9
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Table 2 Characteristics of the image alterations found in the
examinations

Number

Location of abnormal findings
Only in CT 0
Only in PET
Both in PET and CT
Finding type

~N O

Ground-glass opacities (GGOs)
Consolidation
Nodules

Pleural effusion

S = NN

Cavitation

Morphology

—

Focal

Diffuse 6
Number

Unique

Multiple 6
Distribution

Peripheral 6

Central and peripheral
Pulmonary Extension

Single lung

W N

Both lungs
Number of affected lobes
1 lobe
2 lobes
3 lobes
4 lobes
5 lobes

— N O NN

in Table 2. Five of the seven patients, all five presenting GGOs,
(71.4%) were confirmed by the clinicians as presenting
COVID-19, being confirmed as positive for SARS-CoV-2 in-
fection by RT-PCR in 4 (one of them following a single RT-
PCR and the other three needed two successive RT-PCR to
obtain a positive result). The other one developed a rapidly
progressing lung consolidation and died 15 days later, with
two RT-PCR tests resulting negative during the short
hospitalisation, although the clinical and analytical (high ferri-
tin and inflammation markers) suspicion of COVID-19 was
always very high. The remaining two of the seven patients
(28.6%) presented imaging findings suspicious of SARS-
CoV-2 infection, one of them presented bilateral GGOs and
the other presented lung consolidations (suspicious of a more
advanced COVID-19) but not GGOs, but confirmation of the
disease was not obtained. One of them was diagnosed with a
bacterial pneumonia and was treated with antibiotics. In the
other one, two RT-PCR tests were negative and after a clinical

@ Springer

follow-up of 38 days, the patient remains asymptomatic and
with no evidence of SARS-CoV-2 infection.

All 7 patients showed lung findings both in CT and ['*F]-
FDG PET (Table 2). The most frequent finding was multiple
GGOs (6 of the 7 patients presented GGOs, the other one
presented lung consolidations) that coincided with low ['*F]-
FDG uptake (Fig. 1). The average SUVmax value of the
GGOs was 4.1 (range 2.6-5.2). In most patients, the lung
lesions were bilateral (Fig. 2) and the clinical evolution was
worse in those with more extensive disease (Fig. 3). The
worse evolution related to the extent of the disease is evident
when analysing the evolution of the five patients confirmed by
the clinicians as presenting COVID-19. As mentioned above,
the evolution was fatal in the patient presenting the most ex-
tensive disease in the form of rapidly progressing lung con-
solidation, dying 15 days after the ['*F]-FDG PET/CT. With
regard to the other four patients confirmed as presenting
COVID-19, they only presented GGOs and clinically
remained asymptomatic; two of them were hospitalised and
the other two were sent home and asked to isolate. One of the
two hospitalised patients received hydroxychloroquine and
was discharged when the RT-PCR test was negative. The
other hospitalised patient did not require treatment. With re-
gard to the two patients sent home after being evaluated by the
clinicians following the ['*F]-FDG PET/CT incidental find-
ings, they remained isolated at home, one of them being op-
erated of an ovarian cancer after the RT-PCR resulted nega-
tive. Figure 4 presents the maximum intensity projections
(MIPs) with the same SUV scale of the seven patients that
were considered suspicious for SARS-CoV-2 infection based
on the PET/CT findings.

Discussion

The rapid spread of this global pandemic and the urgency in
attending patients and initiating treatments in symptomatic
patients have made impossible in many cases to do RT-PCR
tests of pharyngeal swabs. The difficulties in reaching the
diagnosis have been increased by the high rate of false nega-
tives of this technique [11, 12]. These circumstances have
contributed to consider the presence of radiological signs in
the lung of the patients with a bad evolution as highly suspi-
cious for SARS-CoV-2 infection even with a negative RT-
PCR [13].

The limitations in the diagnosis of COVID-19, together
with the fact that most of the patients infected with SARS-
CoV-2 are asymptomatic or present scarce symptoms, were
the reason for initiating this retrospective study analysing pa-
tients scanned with PET/CT in which there were suspicious
lung findings for SARS-CoV-2 infection. We decided to ini-
tiate the revision from the day of the first diagnosed COVID-
19 patient in La Rioja region, the 2nd of March 2020, until the
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a

Axial

Fig. 1 A 65-year-old male patient with locally advanced rectal cancer
who came for ['®F]-FDG PET/CT for initial staging. Axial, sagittal and
coronal CT slices (a) and fused ['*F]-FDG PET/CT (b) show the most

22nd of April 2020. As a preventive measure, from the 2nd of
March 2020 onwards, patients were interviewed by telephone

Fig. 2 A 72-year-old female pa-
tient who was referred for ['*F]-
FDG PET/CT for initial staging of
ovarian cancer. Axial CT (a) and
fused ['®F]-FDG PET/CT (b)
show GGOs coinciding with an
area of intense ['*F]-FDG uptake
in the left lung and a low uptake in
the right lung, corresponding to a
quickly resolved infiltrate

Coronal

frequent imaging finding in COVID-19 patients; this is GGOs (black
arrows) coinciding with an area of intense ['®F]-FDG uptake, peripherally
localised, with an homogeneous ['8F ]-FDG uptake

the day before the study to confirm the absence of symptoms
related to COVID-19. Therefore, our findings are in
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Fig. 3 A 66-year-old female pa-
tient with head and neck tumour,
referred for ['®F]-FDG PET/CT
for suspected recurrence. Axial
CT (aand b) and fused ['*F]-FDG
PET/CT (c and d) show extensive
disease in both lungs with pleural
effusion (broad arrow), hilar in-
filtrates (arrow heads) and nod-
ules (long arrows). GGOs were
also present in this patient but are
not included in the image
presented

asymptomatic patients without a previous diagnosis of
COVID-19. Regarding the inclusion and exclusion criteria
in this study, the aim was to reduce as much as possible the
pre-test probability of COVID-19 in the included patients.
Inpatients are at a higher risk of infection, especially during
the pandemic. On the other hand, we aimed at reducing the
presence of confounding findings in the PET/CT that could
appear if patients with suspected inflammatory (i.e., sarcoid-
osis, large vessel vasculitis) or infectious (i.e., suspected in-
fective endocarditis or fever of unknown origin) processes
were included. Therefore, only patients with oncologic indi-
cations were included in the study.

The design of this study is undoubtedly related to the de-
velopment of the COVID-19 crisis in those months. On one
hand, the normal clinical activity in most hospitals in Spain
during the COVID-19 global pandemic was influenced by the
unfolding global health crisis and most efforts were dedicated
to address this crisis, as also occurred in the rest of European
countries with similar levels of incidence by the pandemic. On
the other hand, many patients were not willing to attend their
scheduled citations because of fear of becoming infected by
SARS-CoV-2 when being at the hospital, so some of them
cancelled their visit. As mentioned above, in all cases, patients
were contacted by phone the day before the imaging proce-
dure to ensure they did not present clinical suspicion of
COVID-19, cancelling their citation if there was minimal clin-
ical suspicion of COVID-19. Only those urgent or oncologic
patients that referred no clinical suspicion of SARS-CoV-2
infection the day before the procedure were told to come for
the PET/CT procedure.

@ Springer

There are few publications on the findings of PET/CT in
COVID-19 patients and most of them are in symptomatic
patients already diagnosed with COVID-19 [7, 14]. The
GGO finding was the most frequent finding in our study,
similarly to the study by Qin et al. [7]. Most of our patients
presented more than one lobe affected. On the other hand,
Setti et al. [15] have recently presented the typical ['*F]-
FDG PET/CT findings in patients with clinical suspicion of
COVID-19 infection, although in the absence of a definitive
diagnosis. The population included by Setti et al. work clearly
differs from the sample included in our work, in which there
was no suspicion of infectious disease. In another case report,
Lui et al. [16] report the pattern of lung involvement in a
patient with suspected systemic symptoms of COVID-19.

To the best of our knowledge, only seven papers [4, 17-22]
have been published including patients asymptomatic for
SARS-CoV-2 infection, but only one of them [17] is an orig-
inal study reporting a series of patients, whereas five are case
reports or interesting images [4, 18-21] and one is a letter to
the editor [22].

The only published original article in this context is the
one by Albano et al. [17], presenting a series of patients with
incidental findings suggestive of COVID-19, although this
series also includes patients studied with SPECT/CT. In
comparison, our series includes a larger number of patients
with a slightly lower incidence of the mentioned incidental
findings (> 9% versus 4.8% in our series). The different
detection rate may be explained based on the large number
of patients studied and the exclusion of patients with non-
oncologic indications or hospitalised patients in our study,
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Fig.4 Maximum intensity projections (MIPs) with the same SUV scale of the seven patients that were considered suspicious for SARS-CoV-2 infection

based on the ['*F]-FDG PET/CT findings

as well as by the differences in incidence and prevalence
between both populations.

Polverani et al. [18] published the case report of an
asymptomatic patient with lung cancer studied with
['®F]-FDG PET/CT as a follow-up study, evidencing
as an incidental finding GGOs with diffuse and intense
['®F]-FDG uptake located in the lower lobes and pre-
dominantly in the periphery, such as those evidenced in
our series. Tulchinsky et al. [19] and Castanheira et al.
[20] are two more case reports of patients asymptomatic
for SARS-CoV-2 infection and later confirmed as
COVID-19 positive, the first suspected on a bone
SPECT/CT and the second on a ['®F]-FDG PET/CT.
Zanoni et al. [21] presents an interesting image of
['®F]-FDG PET/CT for suspected lymphoma relapse in
a patient with concomitant pneumococcal pneumonia
during COVID-19 outbreak. ['*F]-FDG PET/CT detect-
ed an unexpected SARS-Cov-2 co-infection despite dou-
ble RT-PCR negativity, being confirmed in the third

RT-PCR test. They recommend taking precautions in
patients’ management even after first RT-PCR negativ-
ities because of RT-PCR false negatives. Moreover, they
indicate that during COVID-19 pandemic, incidental
findings detected by a nuclear medicine physician when
reading the lung window CT component of PET/CT
studies might be extremely relevant [21].

Finally, Alberts et al. [22] published a letter to the editor
commenting previous publications and very briefly including
their own experience. They had no findings suggestive of
COVID-19 in 562 consecutive patients, indicating that this
was probably due to the fact that the prevalence of asymptom-
atic COVID-19 patients was very low in their area.

The main limitations of our study were the retrospective
design and the small study population, although it is represen-
tative of the current situation. As another limitation, given the
high prevalence of SARS-CoV-2 infection in La Rioja region,
these observations might not be extrapolated to other Spanish
regions or other countries.
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