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Original article

Investigating the influence of long-axial versus short-axial 
field of view PET/CT on stage migration in lymphoma and 
non-small cell lung cancer
Ian Albertsa, Sigrid Seibela, Song Xuea, Marco Viscionea, Clemens Mingelsa, 
Hasan Saria,b, Ali Afshar-Oromieha, Andreas Limacherc and Axel Romingera

Objectives The objective of this study was to evaluate 
the influence of a long-axial field-of-view (LAFOV) on 
stage migration using a large single-centre retrospective 
cohort in lymphoma and non-small cell lung cancer 
(NSCLC).

Methods A retrospective study is performed for 
patients undergoing PET/computed tomography (CT) on 
either a short-axial field-of-view (SAFOV) or LAFOV PET/
CT system for the staging of known or suspected NSCLC 
or for therapeutic response in lymphoma. The primary 
endpoint was the Deauville therapy response score for 
patients with lymphoma for the two systems. Secondary 
endpoints were the American Joint Committee on Cancer 
stage for NSCLC, the frequency of cN3 and cM1 findings, 
the probability for a positive nodal staging (cN1-3) for 
NSCLC and the diagnostic accuracy for nodal staging in 
NSCLC.

Results One thousand two hundred eighteen records 
were screened and 597 patients were included for analysis 
(N = 367 for lymphoma and N = 291 for NSCLC). For 
lymphoma, no significant differences were found in the 
proportion of patients with complete metabolic response 

versus non-complete metabolic response Deauville 
response scores (P = 0.66). For NSCLC no significant 
differences were observed between the two scanners for 
the frequency of cN3 and cM1 findings, for positive nodal 
staging, neither the sensitivity nor the specificity.

Conclusions In this study use of a LAFOV system 
was neither associated with upstaging in lymphoma nor 
NSCLC compared to a digital SAFOV system. Diagnostic 
accuracy was comparable between the two systems 
in NSCLC despite shorter acquisition times for LAFOV. 
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Introduction
Combined positron emission and computed tomogra-
phies (PET/CT) have become the clinical standard of 
care for chemotherapy response assessment in lymphoma 
[1], for the staging of non-small cell lung cancer (NSCLC) 
and the work-up of a suspicious lung nodules [2]. PET/
CT technology has undergone rapid development over 
the last two decades, culminating in the recent introduc-
tion of long-axial field-of-view (LAFOV) PET/CT sys-
tems with substantial improvements in sensitivity, image 
quality and noise [3–11]. However, while a number of 
anecdotal or clinical reports with small cohorts are avail-
able evaluating shorter or low-activity protocols LAFOV 
PET/CT systems [12], few head-to-head comparisons 
with standard and clinically well-established short-axial 

field-of-view (SAFOV) systems have been performed 
which benchmark their clinical performance relative to 
SAFOV systems [13] and no studies yet demonstrate any 
improved clinical outcomes when using LAFOV sys-
tems. In comparison, a plethora of studies demonstrate 
that, when using solid-state digital PET/CT systems, 
improvement in some clinically relevant endpoints can 
be expected, such as increased detection rate [14–16], 
detection of smaller structures [17], improved lesion 
quantification [15], inter-reader agreement and diagnos-
tic certainty [18] and image quality [19] in comparison 
to previous generation analogue PET/CT systems based 
on photomultiplier tube technology. Beyond the poten-
tial for faster scanning, greater patient throughput or 
reduction in applied radiopharmaceutical activities [3,4], 
the clinical impact of this new technology in terms of 
improved lesion detection or better therapy monitoring 
has yet to be systematically evaluated.

The replacement of anatomical imaging modalities with 
PET/CT for the routine staging of NSCLC resulted in 
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a documented stage migration, also known as the ‘Will 
Rogers phenomenon’ [20]. A similar stage-migration 
effect has also been recently described to occur as a result 
of the introduction of low-dose CT screening protocols 
for patients at high risk of lung cancer in a recent study 
using trial emulation methodology [21]. Likewise, devel-
opments in PET/CT technology and reconstruction soft-
ware have resulted in well-described effects on Deauville 
response assessment scores [22–24].

The exquisite sensitivity offered by state-of-the-
art LAFOV systems allows, for the first time, previ-
ously occult patterns of disease to be detected, such as 
micro-metastases [25]. Similar improvements in sensitiv-
ity and the improved detection of smaller lesions at ear-
lier stages of disease have also been demonstrated when 
using digital PET/CT systems [14–19]. Currently, there 
are no published studies which analyse the influence of a 
LAFOV system on stage migration which this study aims 
to address.

Ideally, the clinical performance characteristics of any 
medical device would be tested within the controlled 
setting of a well-designed and conducted randomised 
control trial (RCT). However, no large-scale prospec-
tive studies assessing the impact of the latest-genera-
tion LAFOV-PET/CT systems on the clinical stage are 
presently available. Instead, real-world evidence is an 
increasingly recognised evidence source, which might 
have some additional advantages when compared to a 
randomised study [26,27]. Retrospective cohort studies 
are limited by their vulnerability to bias. For example, 
in retrospective matched-pair cohorts, investigators non-
blinded to patient outcome can represent a source of bias 
in patient selection and few such studies adhere rigor-
ously to pre-determined study protocols or pre-defined 
statistical power to test hypotheses, limiting their relia-
bility. Therefore, in this study, we assess the influence of 
LAFOV PET/CT on therapy monitoring for lymphoma 
and stage migration in NSCLC by means of a retrospec-
tive analysis of the largest cohort of patients yet exam-
ined using a LAFOV system [21,28].

Materials and methods
Patient cohort and imaging procedures
The study database comprised patients referred for PET/
CT at our department for nuclear medicine, between 
1 January 2021 and 31 December 2021. This retrospec-
tive cohort analysis was approved by the regional eth-
ics review board (KEK 2022-00486). A LAFOV scanner 
system (Siemens Biograph Vision Quadra, Siemens 
Healthineers, Erlangen, Germany, aFOV 106 cm) was 
installed at our centre in October 2020 [29]. Cognisant 
of previous work demonstrating a learning curve when 
encountering digital PET/CT systems [18], we exclude 
patients examined during the first 3 months of operation 
of the new scanner. Patients referred were examined on 

either a LAFOV or SAFOV system (Biograph Vision 600, 
Siemens Healthineers, aFOV 26.3 cm) at random and 
according to availability with no systematic selection of 
one scanner over the other. Both scanners are fully digi-
tal PET-CT systems, whose performance characteristics 
are more fully described elsewhere [8,30]. To reduce 
the risk of claustrophobia or patient choice as a con-
founder, patients receiving medication for claustropho-
bia or requiring conscious sedation were excluded from 
the analysis. Patients were thus assigned to each scanner 
based on scanner availability and at random.

All 2-[18F]-FDG PET/CT were performed according to 
extant guidelines [31]. All patients arrived in a fasted state 
(> 6h), with more than 4 h since their last administration 
of insulin and with blood glucose < 1.0 mmol/l confirmed 
by venous sampling prior to administration of the radi-
opharmaceutical (3.0 MBq/kg weight adjusted activity). 
Vendor-recommended reconstruction and acquisition 
parameters were performed as previously published and 
as per clinical routine [6]. These consisted of an acqui-
sition in continuous bed motion for the SAFOV system 
(1.1 mm/s, 2 min/bed position equivalent) from skull-
base to thighs or a 10 min acquisition in a single bed posi-
tion [106 cm axial field-of-view (FOV)] for the LAFOV 
system, with reconstruction parameters as previously 
described [6]. For an equivalent 106 cm FOV, the total 
acquisition time for each scanner was therefore 16.06 min 
for SAFOV and 10 min for LAFOV.

Study design
An institutional database comprising all patients referred 
to our centre for PET was interrogated for this study. 
Two investigators (first and second authors) used The 
National Patient-Centred Clinical Research Network 
checklist to perform validation of the database and 
ensure fitness for use of the data. Free text data were 
checked for completeness and plausibility and numerical 
data were checked against a pre-defined plausible range. 
Data outside of these ranges would be considered miss-
ing and subject to follow-up by means of scrutiny of their 
clinical charts; in the end, no patients were found to be 
lost to follow-up.

All patients referred for PET/CT to our centre for 
therapy monitoring and follow-up in lymphoma or for 
the staging or work-up of lung cancer were screened 
for eligibility. To ensure homogenous and comparable 
patient cohorts, the following inclusion criteria were 
applied: referral for PET/CT for patients for therapy 
response in lymphoma or the work-up or staging of 
suspected NSCLC. For lymphoma patients, inclusion 
criteria were patients referred for therapeutic response 
assessment of a histologically verified lymphoma with 
2-[18F]-FDG. Patients undergoing primary staging of 
lymphoma or work-up of suspected lymphoma (e.g. for 
identification of metabolically active sites for possible 
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biopsy) or where therapy response assessment was not 
possible on technical or clinical grounds (Deauville 
score X) were excluded from the analysis. For NSCLC 
patients, exclusion criteria were patients presenting for 
restaging of a known tumour, restaging post-therapy 
of a known NSCLC or suspected relapse of a previous 
NSCLC. Patients with SCLC, synchronous, second 
tumour entities or suspected pulmonary metastasis of 
a tumour other than NSCLC were also excluded. It is 
institutional standard to document patients’ general 
consent for the further use of their health-related data; 
patients for whom this consent was not documented 
were excluded.

All patients were documented in the study database 
which was available to study researchers and with good 
clinical practice (GCP)-conforming data protection and 
data traceability using an institutional SharePoint plat-
form. Data records were then scrutinised by the study 
team. The radiological report was scrutinised for the 
Deauville staging and cT cN cM stages, which were 
documented by the reporting board-certified nuclear 
medicine physician in accordance with the Union for 
International Cancer Control TNM Classification guide-
lines (8th Edition). Imaging protocols were as previously 
described [6].

Endpoints and statistical analysis
The primary endpoint was the Deauville metabolic 
response score for lymphoma patients undergoing 
examination for therapy response, which was analysed 
by means of a proportional odds logistic regression 
model. Secondary endpoints were: (1) the frequency 

of obtaining a scan consistent with a complete met-
abolic response (Deauville scores 1, 2 or 3) in lym-
phoma patients; (2) The frequency of American Joint 
Committee on Cancer tumour (cT), nodal (cN) and 
metastasis (cM) stages for non small cell lung cancer 
(NSCLC) patients, categorised according to whether 
they were examined by SAFOV or LAFOV with differ-
ences assessed by a chi-squared test; (3) the frequency 
of a contralateral cN3 stage or cM1 stage for NSCLC; 
(4) the sensitivity and specificity for nodal staging 
using endobronchial ultrasound (EBUS) bronchosco-
py-guided cytology as the reference standard and with 
differences assessed by Fisher’s exact test. Binary out-
comes were evaluated using logistic regression. P values 
<0.05 were considered statistically significant. Covariate 
analysis was performed with applied activity and age as 
potential confounders.

The null hypothesis was that the distribution of 
Deauville response scores between the two PET systems 
does not differ; the alternative hypothesis is that scores 
differ between the two systems. A power-based approach 
to the sample size calculation was taken. Assuming four 
degrees of freedom (Deauville score 1–5 with a pragmatic 
estimate for the proportion for each score of 0.2) and 
using a pragmatic estimate of a combined odds ratio (1.8) 
[32] and at the two-sided 0.05 significance level, a power 
of 80% is achieved with a target sample size of n = 303 
individuals using R Package ‘posamsize’. Owing to the 
faster speed of scanning with LAFOV, it was expected 
that more patients would be assigned to the LAFOV than 
SAFOV, thus a pragmatic estimate of the allocation ratio 
LAFOV : SAFOV of 2 : 1 was used in the calculation. 

Fig. 1

Study flow diagram. Screening failure is defined as those patients where one or more exclusion criteria applied, or who did not fulfil the inclusion 
criteria as described in the materials and methods section.
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The expected odds ratio of 1 : 8 corresponds to a small-
to-medium effect size (Cohen’s d = 0.32 [33]). All eligible 
patients were included for analysis to yield maximum sta-
tistical power. All statistical analyses were performed in R 
Foundation for statistical computing (version 4.3.0).

Results
The study flow diagram is shown in Fig. 1. In total 1218 
records were screened and 665 patients were included 
for analysis, with the target sample size (N = 303) being 
exceeded for the analysis of the primary outcome: N = 364 
for lymphoma therapy monitoring (LAFOV N = 267, 
SAFOV N = 97).

Primary endpoint
Proportional odds logistic regression for the Deauville 
response assessment score found no statistically signifi-
cant difference between the two systems in lymphoma 
patients [odds ratio (OR) 1.88, 95% confidence interval 
(CI) 0.01–532.55, P = 0.66]. The frequency of scores is 
shown in Fig. 2.

Secondary endpoints
A slightly higher but non-significant proportion of 
patients presented with complete metabolic response 

versus non-complete metabolic response on the LAFOV 
compared to the SAFOV (OR 1.18, 95% CI 0.01–532.55, 
P = 0.66) is shown in Fig. 3.

For patients with NSCLC, there were no significant 
differences between the T, N and M stages between 
LAFOV and SAFOV systems (for T and N, P > 0.99; for 
M, P = 0.83). The frequencies of each stage are shown in 
Fig. 4. A therapeutically relevant cN3 stage was no more 
likely for patients examined on the LAFOV or SAFOV 
system (OR = 0.99, 95% CI 0.49–1.98), and a cM1 stage 
was slightly more likely on the LAFOV system albeit 
without statistical significance (OR 1.57, 95% CI 0.86–
2.83). The OR for a positive nodal staging (i.e. N1-3) was 
not significantly different between the two systems (OR 
1.25, 95% CI 0.8–2.10). EBUS follow-up was available 
for 47 SAFOV and 63 LAFOV patients. A contingency 
table is shown in Table 1 which reports the diagnostic 
accuracy. The sensitivity and specificity for SAFOV were 
0.72 (95% CI 0.50–0.88) and 0.88 (95% CI 0.67–0.97) and 
for LAFOV 0.72 (95% CI 0.50–0.87) and 0.74 (95% CI 
0.57–0.86), respectively, with no statistically significant 
differences observed either for sensitivity (P > 0.99) or 
for specificity (P = 0.21). Analysis of potential confound-
ers revealed no significant differences in age and applied 
radiopharmaceutical activity between the two scanners.

Fig. 2

Frequency of Deauville therapy response scores in lymphoma patients for the LAFOV and SAFOV scanners. LAFOV, long-axial field-of-view; SAFOV, 
short-axial field-of-view.
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Example patients
Example images for lymphoma (Fig.  5) and NSCLC 
(Fig. 6) are presented to demonstrate the image quality 
and FOV coverage of the two scanners.

Discussion
In this study, we compare two cohorts of patients who 
received either a PET/CT examination on a LAFOV 

or SAFOV system for assessment of therapy response 
in lymphoma or for the staging of NSCLC. Appreciable 
stage-migration effects have previously been described 
when using PET/CT relative to CT and with modern 
reconstruction methods in digital PET/CT systems, 
which can influence both clinical interpretations and 
have consequences for research studies [1,20,23,24,31]. 
It is therefore incumbent on operators of state-of-the-art 

Fig. 3

Frequency of complete metabolic response (Deauville 1 : 3) in lymphoma patients for both scanners.

Fig. 4

T, N and M stage in NSCLC patients for LAFOV and SAFOV system. The frequency of N3 findings was the same for both systems and no signifi-
cant difference in M1 findings was observed. LAFOV, long-axial field-of-view; NSCLC, non-small cell lung cancer; SAFOV, short-axial field-of-view.
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LAFOV systems to benchmark their performance com-
pared to previous-generation SAFOV systems.

Our study compares the Vision Biograph Vision Quadra 
(LAFOV) with the Biograph Vision 600 (SAFOV) 
PET/CT system. Other than the axial FOV length 
(106 vs. 26.3 cm), both systems employ similar detec-
tor architecture, image reconstruction and processing 
software. The longer axial FOV coverage allowed for 

substantially faster acquisitions when using a LAFOV 
(10 min per b.p.) compared to the SAFOV (2 min per 
b.p. in continuous bed motion, 16.06 min total acqui-
sition time).

A number of anecdotal studies and review articles have 
been published assessing the performance of LAFOV 
systems, but few if any studies have been performed 
which demonstrate any improved diagnostic perfor-
mance or patient outcomes when using these sys-
tems. In light of reports demonstrating the detection 
of micro-metastatic disease in NSCLC using LAFOV 
PET/CT systems [25], it could be postulated that 
LAFOV systems might result in stage-migration effects. 
For example, in NSCLC therapy-defining extra-regional 
lymph node metastasis or distant metastatic disease 
might be detected at even earlier stages by this higher 
sensitivity system. This would result in an upstaging of 
patients with subsequent migration to higher-stage dis-
ease. This hypothesis would be congruent with previous 

Table 1 Diagnostic accuracy of SAFOV and LAFOV PET/CT (cN) 
for NSCLC with EBUS cytology as the reference standard

 SAFOV LAFOV 

Sensitivity 0.72 (95% CI 0.50–0.88) 0.72 (95% CI 0.50–0.87)
Specificity 0.88 (95% CI 0.67–0.97) 0.74 (95% CI 0.57–0.86)
PPV 0.84 (95% CI 0.59–0.96) 0.64 (95% CI 0.44–0.81)
NPV 0.78 (95% CI 0.59–0.91) 0.80 (95% CI 0.63–0.91)

CT, computed tomography; EBUS, endobronchial ultrasound; LAFOV, long-axial 
field-of-view; NPV, negative predictive value; NSCLC, non-small cell lung cancer; 
PPV, positive predictive value; SAFOV, short-axial field-of-view.

Fig. 5

Example maximum intensity projection (MIP) for random patients undergoing lymphoma assessment on a SAFOV (left) and LAFOV (right) system 
with hypermetabolic disease in both patients highlighted by the solid arrows. The LAFOV images exhibit improved axial coverage and lower noise 
compared to the SAFOV (SUV window for both images 0–6). LAFOV, long-axial field-of-view; SAFOV, short-axial field-of-view.
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work comparing digital with analogue PET/CT systems: 
while no studies formally assess the influence of digi-
tal PET/CT on stage migration, a number of previous 
works do demonstrate the detection of smaller lesions 
and at an earlier stage of disease compared to analogue 
SAFOV systems [14–19].

However, our data suggest that this does not occur when 
comparing a latest-generation digital SAFOV system 
when compared to a LAFOV system. Our interpretation 
of these findings is that while there is undoubtedly a 
myriad of benefits for LAFOV PET/CT, including the 
possibility for ultra-fast [34] or low-activity acquisitions 
[12], improved quantitative performance [35], improved 
dynamic range [3,36], improved image quality [6,37] or 
the ability to perform total-body dynamic scanning [7,38–
40], the notion that LAFOV systems furnish increased 
rates of detection of hyper-metabolic lesions [41], or 
might increase detection at earlier stages when com-
pared to a state-of-the-art digital PET/CT system can-
not be supported by our study. Consequently, statistically 

significant differences in response score or TNM stage 
are not seen in a study with pre-defined statistical power 
to test for these. In keeping with previous findings 
demonstrating higher image quality and faster overall 
scan times for LAFOV systems [5,6,12], we demonstrate 
that LAFOV can deliver faster and comparable results 
compared to a standard SAFOV system.

One strength of this retrospective study lies in the large 
sample size with pre-defined power to test for a small to 
medium effect size. Although randomised control trial 
(RCT) data are needed to confirm the present findings, it 
is not necessarily axiomatic that RCT generate better or 
indeed different data than those obtained from observa-
tional studies [42] and RCTs may not always be necessary 
to make reliable decisions [43]. Indeed, well-conducted 
observational studies with larger cohorts might be bet-
ter powered to detect small effect sizes than an under-
powered or smaller prospective study. There is therefore 
increasing recognition of ‘real-world’ data as a rich source 
of evidence in nuclear medicine [27] and which enjoys 

Fig. 6

Example maximum intensity projection (MIP) images for random patients undergoing staging of NSCLC on a SAFOV (left) and LAFOV (right) 
system, with hyper-metabolic pulmonary and mediastinal disease readily apparent in both patients. (SUV window for both images 0–6). LAFOV, 
long-axial field-of-view; SAFOV, short-axial field-of-view.
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increasing recognition by health regulators [26]. Another 
advantage is the direct comparison between the two sys-
tems which differ only according to their axial FOV; the 
reconstruction algorithms and detection architecture are 
otherwise equivalent between the LAFOV and SAFOV 
systems [6]. Follow-up for nodal staging was performed 
for all NSCLC patients. Although a histological standard 
of reference for nodal staging was not available in every 
patient, in those where EBUS was able to confirm or 
refute the cN staging at PET, no statistically significant 
differences in sensitivity or specificity could be found 
between both systems, although a slightly lower specific-
ity was noted for the LAFOV. This might suggest some 
subtle differences in diagnostic accuracy, for which larger 
and more dedicated studies would be necessary to assess 
further.

We note some weaknesses of our study. The data here 
represent the first calendar year of patients examined 
with the first installed LAFOV PET/CT system world-
wide. Multi-centre data might be collected in the future 
once a greater number of similar systems are in routine 
operation. Although observational data cannot entirely 
replace RCTs, selection bias is considered unlikely with 
no statistically significant difference in relevant demo-
graphics or via patient choice influenced by claustro-
phobia, and where patients were examined at random 
according to scanner availability; there is no institutional 
policy in place which favours assignment to a scanner 
based on patient characteristics.

Our study was not designed to test for lesion detect-
ability, which may differ as a result of the established 
higher sensitivity of the LAFOV system [8], and 
which future studies might address, including in other 
tumour types. Previous studies demonstrate improved 
diagnostic confidence and inter-rater reliability when 
using digital PET/CT systems, which might also be 
the case in LAFOV systems and which future studies 
might address [18]. We restrict our analysis to routinely 
used clinical reconstruction methods, future studies 
might assess the impact of other reconstruction meth-
ods which are known to influence therapy response 
assessment [1,23,24,31]. Our follow-up period of a min-
imum of 3 months was insufficient to determine the 
impact of PET/CT on patient-level outcomes such 
as overall or progression-free survival. Lymphoma is 
a highly heterogeneous group of entities with varying 
2-[18F]-FDG avidity and a range of therapeutic options 
from chemotherapy to chimeric antigen receptor ther-
apy. Future prospective studies might interrogate the 
influence or added benefit of LAFOV PET for par-
ticular lymphoma histological types or specific patient 
groups. Nevertheless, these data represent the as yet 
largest published cohort of patients as examined on 
any LAFOV system and are the first data to assess the 
impact of these systems on clinically relevant outcomes.

Conclusion
We found that therapy assessment in lymphoma and stag-
ing of NSCLC were comparable between our LAFOV 
and SAFOV systems, with no significant stage migration 
or significantly increased rate of false positive findings 
for nodal staging in NSCLC. Results were comparable 
between both scanners with faster examination times on 
the LAFOV.
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