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ABSTRACT

Introduction: A number of nuclear medicine procedures significantly dropped worldwide 

during the COVID-19 pandemic. Every nuclear medicine department has faced changed 

working environment in terms of the type of requested procedures, number of requests 

and personal protection issues. Also, some specificities emerged that affect standard 

operating procedures. Aim: The aim here is to present different clinical scenarios related 

to RT PCR molecular testing and COVID-19-associated pulmonary findings on PET/CT in 

oncologic patients. Methods: A case series of four patients imaged on oncologic PET/CT is 

presented. Short clinical history followed by description of significant PET/CT findings and 

their importance from the perspective of COVID-19 pandemic and interpretation of PET/

CT findings is presented. Conclusion: PET/CT imaging remains of paramount importance 

for oncologic patients during the pandemic. Under the unprecedented circumstances, 

interpretation of PET/CT findings has become more complex having some specificities 

that must be kept in mind.
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1. INTRODUCTION
A number of both diagnostic 

and therapeutic nuclear medicine 
procedures significantly dropped 
throughout the departments world-
wide during the COVID-19 pan-
demic. Over that time, all health 
systems have been forced to shift to 
SARS-CoV-2-related clinical and ep-
idemiological issues and urgent pro-
cedures, mostly leaving diagnostic 
imaging to be available only for such 
purposes, at least in the beginning.

According to the survey performed 
by the International Atomic Energy 
Agency (IAEA) in 72 countries, the 
total number of diagnostic proce-
dures in nuclear medicine decreased 
54%. Out of all nuclear diagnostic 
procedures, Positron Emission To-
mography (PET/CT) was the least af-
fected and displayed a decrease of 
36%. This can be attributed to the 
fact that most of PET/CT studies are 
oncologic, and the diagnostics and 
treatment of oncologic patients re-
main of paramount importance.

2. AIM
The aim here is to present different 

clinical scenarios related to RT PCR 
molecular testing and COVID-19-as-
sociated pulmonary findings on 
PET/CT in oncologic patients.

3. METHODS
We present a case series of four 

oncologic patients referred to 18F-
FDG PET/CT imaging for evaluation 
of the primary oncologic disease, 
follow-up or evaluation of treatment 
response. For each oncologic patient, 
a different and unexpected clinical 
scenario is presented.

All patients were imaged in accor-
dance with the institutional protocol 
upon the application of 370 MBq of 
18F-fluodeoxyglucose (18F-FDG) in-
travenously. Low-dose whole body 
PET/CT acquisition was performed 
with a 16-slice CT scanner without 
IV contrast. The results were inter-
preted visually and semi-quantita-
tively by a nuclear medicine physi-
cian and a radiologist together.

Three patients got RT PCR 
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SARS-CoV-2 tested and proved negative within 48 hours 
prior to the imaging. The fourth patient was not tested 
within 48 hours before the imaging, and also never had 
any symptoms suggestive of SARS-CoV-2 infection. Mo-
lecular RT PCR SARS-CoV-2 testing was performed at 
our Institution. Clinical signs suggestive of COVID-19 
disease were also observed during history taking.

CASE 1
INCIDENTAL FINDINGS OF COVID-19 PULMONARY 

LESIONS ON PET/CT FOR BREAST CANCER CASE 
STUDY

A fifty-year-old patient with breast cancer was re-
ferred to a follow-up PET/CT exam in order to evaluate 
for the treatment response. The patient was diagnosed 
with HER-2 positive invasive ductal breast cancer after 
the radical right mastectomy in 2015. Post-surgery she 
was treated with chemotherapy, hormonal therapy and 
radiotherapy of the pelvis for the metastatic disease in 
the lymph nodes. In 2019, she was diagnosed with meta-
static disease in the liver when the combined HER 2 tar-
geted therapy (Perjeta+Herceptin) was prescribed. Before 
the study, the patient was asymptomatic and tested neg-
ative on RT-PCR SARS CoV-2 performed with 48 hours 
from the imaging. A low-dose whole-body PET/CT was 
performed after the injection of 368,5 MBq of 18F-fluode-
oxyglucose intravenously and peroral contrast agent was 
applied. Acquisition parameters were determined in ac-
cordance with the institutional protocol. PET/CT images 
demonstrated in both lungs multiple ground glass opac-
ities that were located peripherally in the parenchyma. 
All lesions accumulated 18-F fluodeoxyglucose with the 
low to moderate intensity, SUVmax 3,8. Described lung 
lesions were very highly suggestive of the COVID-19 dis-
ease, and the patient was isolated and referred for re-
testing immediately. PEt/CT also demonstrated mul-
tiple hypermetabolic lesions in the liver, bones and the 
local and distant lymph nodes consistent with the met-
astatic disease. Repeated RT-PCR SARS-CoV2 testing 
performed hours from PET/CT imaging proved positive. 
Continued isolation was recommended and the oncology 
visit was postponed.

Conclusion
A fifty-six-year-old man with Mantle cell lymphoma 

was referred to a follow-up PET/CT exam due to sus-
pected relapse of the disease. The patient was diagnosed 
with Mantle cell lymphoma after neck lymph node bi-
opsy in 2016. He was treated with systemic therapy (che-
motherapy) and the last chemotherapy cycle was in 2018. 
During follow-up period he noticed neck lymph node 
enlargement. Before the study, the patient was asymp-
tomatic and tested negative on RT-PCR SARS CoV-2 per-
formed with 48 hours from the imaging. A low-dose 
whole-body PET/CT was performed after the injection 
of 362,5 MBq of 18F- fluodeoxyglucose intravenously and 
peroral contrast agent was applied. Acquisition param-
eters were determined in accordance with the institu-
tional protocol. PET/CT images demonstrated peripheral 
lung consolidation in both lungs. All lesions accumu-
lated 18-F fluodeoxyglucose with high intensity, SUVmax 
7.8. Described lung lesions were very highly suggestive 

of the COVID-19 disease, and the patient was isolated 
and referred for retesting immediately. PET/CT also 
demonstrated extensive hypermetabolic lymphadenop-
athy (neck, axillary, medistinal, hilar, retroperitoneal, 
abdominal, pelvic lymph nodes involvement). Repeated 
RT-PCR SARS-CoV2 testing performed hours from PET/
CT imaging proved negative. 
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and referred for retesting immediately. PET/CT also 
demonstrated extensive hypermetabolic lymphadenop-
athy (neck, axillary, medistinal, hilar, retroperitoneal, 
abdominal, pelvic lymph nodes involvement). Repeated 
RT-PCR SARS-CoV2 testing performed hours from PET/
CT imaging proved negative. A fifty-six-year-old male 
with Mantle cell lymphoma was referred to a follow-up 
PET/CT exam due to a suspected relapse of disease. The 
patient was diagnosed with Mantle cell lymphoma four 
years ago after the neck lymph node biopsy. He was 
treated with chemotherapy until two years ago. In a fol-
low-up he noticed neck lymph node enlargement. Patient 
also has hepatitis B under treatment.

The patient was asymptomatic and RT-PCR nega-
tive within 48 hours from the imaging. PET/CT images 
demonstrated peripheral lung consolidation in both 
lungs. All lesions accumulated 18F- FDG with high inten-
sity, SUVmax 7,8 (Figure 1). Described lung lesions were 
very highly suggestive of the COVID-19 disease, and the 
patient was isolated and referred for retesting immedi-
ately. PET/CT also demonstrated extensive 18F-FDG-pos-
itive lymphadenopathy (neck, axillary, mediastinal, 
hilar, retroperitoneal, abdominal and pelvic lymph 
nodes involvement) confirming the relapse of Mantle 
cell lymphoma.

In order to rule out COVID-19 disease, repeated RT PCR 
testing was performed only hours from PET/CT imaging. 
It was negative, and the patient proceeded to chemo-
therapy.

In this case, in RT PCR negative patient, PET/CT de-
tected 18F-FDG positive lung consolidations that were 
very suspicious of active COVID-19 pneumonia in the ab-
sence of respiratory symptoms and fever. After repeat-
edly negative RT PCR SARS-CoV-2 test and X-rays con-
firming the presence of pulmonary opacities, described 
lung consolidations were concluded to be lymphoma-re-
lated. Five months later the patient became symptom-
atic and tested RT PCR positive with a quick resolution of 
fever and cough. Follow-up PET/CT is planned.

CASE 2
A twenty-three-year-old female patient with a newly 

diagnosed Hodgkin lymphoma was referred to PET/CT 
for staging purposes. History and clinical examination 
revealed neck lymphadenopathy with no signs of respi-
ratory distress. Diagnostic CT of the thorax revealed ex-
tensive neck and mediastinal lymphadenopathy with no 
signs of lobar or interstitial pneumonia.

PET/CT confirmed the presence of the lymphoma-re-
lated active disease in the neck and mediastinal lymph 
nodes as well as diffuse hypermetabolism of the bone 
marrow. Lung analysis revealed only mild atelectasis in 
the left lung that was considered clinically non-signifi-
cant (Figure 2).

A day later and upon the hematologist’s referral, the 
patient was re-tested and confirmed RT PCR positive. 
She still had no symptoms and was followed-up by a he-
matologist.
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Figure 1a. Axial CT and fused 
PET/CT images demonstrate in an 
otherwise asymptomatic patient 18F-
FDG-positive peripheral lung 
consolidations (arrow) in both lungs 
suspicious of COVID-19, SUVmax 
7,8. Negative RT PCR and lack of 
clinical symptoms attributed them to 
lymphoma. 
 
1b. Axial CT of a Hodgkin lymphoma 
patient who was positive for SARS-
CoV-2 on the following day 
demonstrates only a clinically 
insignificant FDG-negative mild 
atelectasis (arrow) in the left lower 
lobe. Note FDG-positive right hillar 
adenopathy on a fused PET/CT 
image. 
 
1c. RT PCR negative breast cancer 
patient with ground-glass opacities 
(GGO) in both lungs (arrow) on CT 
that were FDG-positive on PET/CT, 
SUVmax 3,8. Such finding was 
consistent with active COVID-19 
pneumonia. Repeated RT PCR in two 
days was positive. Note multiple FDG-
positive bone lesions on PET/CT. 
 
 
1d. Both axial CT and fused PET/CT 
image of a patient with ovarian cancer 
and COVID-19 disease resolved a 
month ago demonstrate multiple GGO 
(arrow) bilaterally. Lack of FDG 
uptake on PET/CT indicates non-
active COVID-19 pneumonia 
consistent with regression of disease. 
 
 
 

 
 
 
 
 
 

Figure 1. Axial CT and fused PET/CT images demonstrate in an 
otherwise asymptomatic patient 18F-FDG-positive peripheral 
lung consolidations (arrow) in both lungs suspicious of COVID-
19, SUVmax 7,8. Negative RT PCR and lack of clinical symptoms 
attributed them to lymphoma.
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Figure 2. Axial CT of a Hodgkin lymphoma patient who was 
positive for SARS-CoV-2 on the following day demonstrates only 
a clinically insignificant FDG-negative mild atelectasis (arrow) in 
the left lower lobe. Note FDG-positive right hillar adenopathy on 
a fused PET/CT image.
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Figure 4. RT PCR negative breast cancer patient with ground-
glass opacities (GGO) in both lungs (arrow) on CT that were FDG-
positive on PET/CT, SUVmax 3,8. Such finding was consistent 
with active COVID-19 pneumonia. Repeated RT PCR in two days 
was positive. Note multiple FDG-positive bone lesions on PET/CT.
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Figure 3. Both axial CT and fused PET/CT image of a patient 
with ovarian cancer and COVID-19 disease resolved a month ago 
demonstrate multiple GGO (arrow) bilaterally. Lack of FDG uptake 
on PET/CT indicates non-active COVID-19 pneumonia consistent 
with regression of disease.
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In this case, the patient tested RT PCR positive one 
day after PET/CT imaging. In the course of her disease, 
the patient had always been symptom-free. PET/CT was 
also negative for COVID-19 disease. Noteworthy is the 
absence of B symptoms including fever that might be 
lymphoma-related but also might be caused by an in-
fection. The patient was isolated at home, retested in a 
couple of weeks time and then proceeded to treatment. 
Normal PET/CT not suggestive of COVID-19 pneumonia 
in a RT PCR positive patient may be a result of the timing 
of imaging that was performed early in the course of dis-
ease without lung lesions developed yet. Another reason 
might be unaffected lungs in general in the course of 
COVID-19. Mild atelectasis detected on PET/CT, however, 
might be attributed to earlier COVID-19 pneumonia es-
pecially given the patient’s young age.

CASE 3
A fifty-year-old patient with the history of breast 

cancer was referred to a follow-up PET/CT in order to 
evaluate treatment response. Radical mastectomy was 
performed five years earlier revealing HER-2 positive 
invasive ductal cancer. She was treated with chemo-
therapy, chormonal therapy and radiotherapy. A year 
ago a metastatic disease was diagnosed in the liver when 
the combined immune targeted therapy was initiated.

On imaging, the patient was asymptomatic. PET/CT 
images demonstrated in both lungs multiple ground 
glass opacities (GGO) located peripherally in the lung pa-
renchyma. All lung lesions accumulated 18F- FDG with 
low intensity, SUVmax 3,8 (Figure 3). Detected lung le-
sions were very highly suggestive of the COVID-19 dis-
ease, and the patient was isolated and referred for re-
testing immediately. PET/CT also demonstrated multiple 
18F-FDG positive lesions in the liver, bones and the local 
and distant lymph nodes consistent with the metastatic 
disease.

Repeated RT PCR SARS-CoV-2 testing performed 
hours from PET/CT imaging was positive. Continued 
isolation was recommended and the oncology visit was 
postponed.

In this case, PET/CT demonstrated typical findings for 
COVID-19 pneumonia in the otherwise asymptomatic 
patient who tested RT PCR negative within 48 hours be-
fore the imaging. When she was contacted, the patient 
was at work and referred only to a mild cold that had 
spontaneously resolved before the imaging. In this case, 
PET/CT helped in identifying and isolating a potential 
source of the spread of disease in the community. The 
patient’s RT PCR false negative test might be attributed 
to the time elapsed from the infection to testing, which 
was insufficient for the required viral load to be formed. 
Another cause might be an inherent sensitivity of the 
test itself.

INCIDENTAL FINDINGS OF COVID-19 PULMONARY 
LESIONS ON PET/CT FOR BREAST CANCER CASE 
STUDY

A fifty-year-old patient with breast cancer was re-
ferred to a follow-up PET/CT exam in order to evaluate 
for the treatment response. The patient was diagnosed 
with HER-2 positive invasive ductal breast cancer after 

the radical right mastectomy in 2015. Post-surgery she 
was treated with chemotherapy, hormonal therapy and 
radiotherapy of the pelvis for the metastatic disease in 
the lymph nodes. In 2019, she was diagnosed with meta-
static disease in the liver when the combined HER 2 tar-
geted therapy (Perjeta+Herceptin) was prescribed. Before 
the study, the patient was asymptomatic and tested neg-
ative on RT-PCR SARS CoV-2 performed with 48 hours 
from the imaging. A low-dose whole-body PET/CT was 
performed after the injection of 368,5 MBq of 18F-fluode-
oxyglucose intravenously and peroral contrast agent was 
applied. Acquisition parameters were determined in ac-
cordance with the institutional protocol. PET/CT images 
demonstrated in both lungs multiple ground glass opac-
ities that were located peripherally in the parenchyma. 
All lesions accumulated 18-F fluodeoxyglucose with the 
low to moderate intensity, SUVmax 3,8. Described lung 
lesions were very highly suggestive of the COVID-19 dis-
ease, and the patient was isolated and referred for re-
testing immediately. PEt/CT also demonstrated mul-
tiple hypermetabolic lesions in the liver, bones and the 
local and distant lymph nodes consistent with the met-
astatic disease. Repeated RT-PCR SARS-CoV2 testing 
performed hours from PET/CT imaging proved positive. 
Continued isolation was recommended and the oncology 
visit was postponed. 

Conclusion
A fifty-six-year-old man with Mantle cell lymphoma 

was referred to a follow-up PET/CT exam due to sus-
pected relapse of the disease. The patient was diagnosed 
with Mantle cell lymphoma after neck lymph node bi-
opsy in 2016. He was treated with systemic therapy (che-
motherapy) and the last chemotherapy cycle was in 2018. 
During follow-up period he noticed neck lymph node 
enlargement. Before the study, the patient was asymp-
tomatic and tested negative on RT-PCR SARS CoV-2 per-
formed with 48 hours from the imaging. A low-dose 
whole-body PET/CT was performed after the injection 
of 362,5 MBq of 18F- fluodeoxyglucose intravenously and 
peroral contrast agent was applied. Acquisition param-
eters were determined in accordance with the institu-
tional protocol. PET/CT images demonstrated peripheral 
lung consolidation in both lungs. All lesions accumu-
lated 18-F fluodeoxyglucose with high intensity, SUVmax 
7.8. Described lung lesions were very highly suggestive 
of the COVID-19 disease, and the patient was isolated 
and referred for retesting immediately. PET/CT also 
demonstrated extensive hypermetabolic lymphadenop-
athy (neck, axillary, medistinal, hilar, retroperitoneal, 
abdominal, pelvic lymph nodes involvement). Repeated 
RT-PCR SARS-CoV2 testing performed hours from PET/
CT imaging proved negativ

CASE 4
A fifty-nine-year-old female patient with metastatic 

ovarian cancer was referred to PET/CT exam for re-
staging of disease. The patient was diagnosed with 
ovarial cystadenocarcinoma after hysterectomy and ad-
nexectomy in 2016. In 2019, she underwent surgery be-
cause of suspected local recurrence when metastatic dis-
ease in the colon and paraurethral region was diagnosed 
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and chemotherapy was initiated.
One month before PET/CT imaging the patient had as-

ymptomatic RT PCR SARS- CoV-2- positive infection.
PET/CT images demonstrated bilateral ground glass 

opacities (GGO) in the superior pulmonary lobes that 
were located peripherally. There was no 18F-FDG accu-
mulation in those lesions (Figure 4). Also, 18F-FDG posi-
tive metastatic lymph node in the pelvis was noted.

This is the case in which PET/CT findings were in ac-
cordance with both clinical stage of COVID-19 disease 
and RT PCR molecular testing result. Described eumeta-
bolic pulmonary opacities are characteristic of COVID-19 
pulmonary infection which is not in the active phase.

4. DISCUSSION
COVID-19 seems to be a versatile disease with different 

clinical presentations and severity of symptoms, if any. 
To establish a diagnosis of COVID-19 disease, molec-
ular and serological testings for viral RNA or antibodies, 
clinical findings and diagnostic imaging results are cor-
related.

RT PCR tests are considered the gold standard for de-
tecting COVID-19 disease. In the UK, RT PCR tests have 
sensitivity and specificity of more than 95%. Reports 
in systematic review hold false negative rates of tests 
between 2% and 33% in repeat sample testing. Both 
false-negative and false-positive tests impose burden on 
health systems, and that for different reasons. False-neg-
ative tests cause unimpeded spread of disease, especially 
by asymptomatic and mildly symptomatic patients. 
False-positive results are mostly caused by contamina-
tion and cross-reactions with other viruses or genetic 
material. They affect the healthcare system through 
the unnecesarry workload on its workers and finan-
cial burdens. That is why any diagnostic test should be 
interpreted in the context of pretest probability of dis-
ease which is an estimate, before testing, of the person’s 
symptoms and chance of being infected.

Radiological modalites chest radiography and chest 
CT remain the mainstay of COVID-19 imaging. Typ-
ical radiological presentations most commonly include 
ground-glass opacities (GGO), coarse horizontal linear 
opacities and consolidations of the lung parenchyma. 
They are most likely to be found on the lung periphery 
and in the lower zones, most often bilaterally.

A hybrid diagnostic modality PET/CT is not indicated 
in making a diagnosis or follow-up of COVID-19 dis-
ease. Also, it is not recommended in the emergency set-
ting. However, different clinical scenarios position PET/
CT in the diagnostic algorithm of COVID-19. Described 
in our case series are only some scenarios that might be 
encountered in a PET/CT office. In the oncologic clinical 
setting, PET/CT remains one of the most commonly in-
dicated diagnostic procedure for staging, restaging and 
evaluation of therapeutic response purpose. Estimates 
are that about 80% of PET/CT is oncologic.

When performed and interpreted in the COVID-19 
pandemic, neccessary is for PET/CT interpreting physi-
cians to be aware of two issues. First, the clinical presen-
tation of SARS-CoV-2 infection varies from asymptom-

atic to multi-organ involvement and failure of organs 
and systems in severe forms of disease. Secondly, but not 
less important, laboratory, clinical and diagnostic find-
ings are different in different stages of COVID-19.

18F-FDG PET/CT is considered a sensitive but not spe-
cific imaging method given the fact that apart from the 
tumors, infection and inflammation sites also accu-
mulate 18F-FDG due to their cellular metabolism. For 
this reason, active sites of viral pneumonitis caused by 
SARS-CoV-2 present as 18F-FDG positive on PET and 
fused PET/CT images, increasing the specificity of the 
study. Besides, other types of pneumonitis also present 
as 18F-FDG positive when in active phase.

PET/CT findings may also be helpful in diagnosing 
the stage of COVID-19 pneumonia using semi-quanti-
fication of metabolism of 18F-FDG, and differing active 
vs. non-active or earlier disease. Our cases indicate dif-
ferent values of SUVmax, which reflect different stages 
of COVID-19 pneumonia.

Another diagnostic dilemma appears when a pri-
mary disease which may affect the lungs, such as lym-
phoma causes pulmonary changes that raise suspicion of 
COVID-19 pneumonia. In such cases, additional testing, 
theraputic regimes and a follow-up imaging yield a nec-
essary resolution. In every clinical setting, signs and 
symptoms of disease are to be closely monitored and re-
lied upon.

In asymptomatic patients, whole-body or total-body 
acquisitions on PET/CT may detect COVID-19 inciden-
tally. Such incidental findings are to be reported and im-
mediately addressed to the referring physicians in order 
to adjust or change the treatment plans and carry out 
personal protection measures.

In COVID-19 pandemic, nuclear medicine departments 
are obliged to follow personal protection measures and 
protect their staff. Such measures are to combine with 
radiation safety measures already in place without con-
tradicting any.

When performing PET/CT, nuclear medicine staff must 
be aware of the laboratory, clinical and diagnostic varia-
tions related to COVID-19.

Although at present PET/CT does not play an estab-
lished part in making a diagnosis of COVID-19 or fol-
low-up of the disease, in some cases it aids both of them.

5. CONCLUSION
PET/CT imaging remains of paramount importance for 

oncologic patients during the pandemic. Under the un-
precedented circumstances, interpretation of PET/CT 
findings has become more complex having some speci-
ficities that must be kept in mind.
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