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ABSTRACT
Objective: Our aim was to retrospectively assess the role of routine CT scans within the first
year of follow-up with a limited surveillance policy prior to Lugano recommendations in
diffuse large B-cell lymphomas (DLBCL) achieving complete metabolic remission (CMR). We
also evaluated the type of relapse detection and exposure to CT scans within the first five years.
Methods: Patients diagnosed with DLBCL who achieved CMR after first-line
immunochemotherapy were included. Imaging studies and medical records were
thoroughly reviewed.
Results: Among 101 DLBCL patients in the first CMR, a total of 19 relapses were identified in the
study period (18.8% of DLBCL patients included). Nine patients relapsed within the first year
(47.4% of all relapses) but only 3 of them were detected by the 202 surveillance CT scans
performed during this first year of follow-up.
Conclusions: Our real-world data provide clinically applicable results which are in agreement
with the Lugano recommendations based on trial data, highlighting the lack of utility of routine
CTs in DLBCL patients achieving CMR.

KEYWORDS
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Introduction

Non-Hodgkin lymphomas (NHL) were the seventh
leading cause of cancer incidence worldwide and the
11th cause of cancer deaths in 2015 [1]. Among
aggressive B-cell lymphomas, diffuse large B-cell lym-
phoma (DLBCL) is the two most common subtype
[2]. DLBCL accounts for approximately 24% of newly
diagnosed NHL cases in the US [3]. Clinical symptoms
at presentation are highly variable but typically
include rapidly enlarging lymphadenopathy and
constitutional symptoms [4–6]. Most patients with
DLBCL require treatment at diagnosis and anthracy-
cline-containing immunochemotherapy regimens are
the standard of care [7].

After the introduction in the late 60s of anthracy-
cline-containing chemotherapy that achieved lym-
phoma complete remissions [8], the practice of
surveillance to detect relapse with imaging tests
during follow-up became standard [9]. Thus, perform-
ing periodic CT scans has been the standard practice
for the follow-up of patients with lymphoma in the
last 30 years. Recently, FDG-PET/CT scan has been
introduced to assess end-of-treatment (EOT) response
in lymphomas, and usefulness of the follow-up with

CT scans of patients achieving complete metabolic
response (CMR) has been questioned. Physical exam-
ination and blood tests, including serum lactate
dehydrogenase (LDH), are recommended, along
with clinical judgment [10]. Routine CT scans during
follow-up have been assessed in several observa-
tional studies, with the rationale that early detection
of lymphoma relapse might have a favorable impact
on survival [11–15]. However, these retrospective
studies have failed to show significant differences in
survival derived from routine surveillance CT scans
[12–15]. A workshop, held in Lugano, that included
major international lymphoma clinical groups dis-
couraged the routine use of surveillance CT scans,
reserving them only when clinically indicated [10].
Nonetheless, the use of routine CT scans every 3 or
6 months during the first two after EOT and annually
thereafter remains a common practice in many
centers [16].

In the last 15 years at our center, the follow-up
surveillance for DLBCL was limited to exclusively
two CT scans during the first year. Thereafter, no
more routine CT scans were done unless clinical
or laboratory suspicion of relapse. The main
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aim of this study was to assess the utility of a
limited surveillance policy with routine CT scans in
patients with DLBCL achieving CMR after
immunochemotherapy.

Material and methods

We conducted a retrospective analysis of patients
diagnosed with DLBCL between 2008 and 2018
included in the Hospital del Mar Lymphoma Registry.
The study was carried out in agreement with the
Declaration of Helsinki and the International Confer-
ence on Harmonization Guidelines for Good Clinical
Practice [17]. All included patients signed the informed
consent, and privacy rights of human subjects were
preserved. Approval by the local ethics committee
was obtained.

Eligibility inclusion criteria were: DLBCL biopsy-
proved diagnostic, treatment with curative intention
and CMR assessed by PET/CT scan at EOT. Patients
could be considered ‘lost to follow-up’ when no
post-treatment visit after response assessment was
found or who were lost to follow-up during the first
year without evidence of relapse. These patients
were not included in the analysis. Patients with trans-
formed DLBCL from follicular lymphoma, chronic lym-
phocytic leukemia, marginal zone lymphoma or other
DLBCL subtypes were included.

Baseline data at diagnosis such as physical examin-
ation, blood test findings including serum LDH levels,
presence of bulky mass, Ann Arbor stage and Inter-
national Prognostic Index (IPI) were reviewed.

Assessment of response by 18F-FDG PET: All PET
scans were interpreted without any knowledge of
the clinical data. In the first four years of the study
(prior to Deauville criteria), all PET scans were scored
either as positive or as negative. A positive result was
defined as focal activity higher than that of the sur-
rounding background tissue, with no similar activity
seen on the contralateral side or increased activity in
a location incompatible with normal anatomy. A nega-
tive result was defined as no pathologic 18F-FDG
uptake at any site, including all sites of previously
increased pathologic 18F-FDG uptake. Later, the Deau-
ville criteria were incorporated in the evaluation of
response in our Lymphoma Unit and, CMR was con-
sidered for scores 1–3 in the 5-point scale.

From 2008, the routine surveillance for aggressive
lymphomas in our Lymphoma Unit included a
restricted number of imaging tests. The surveillance
guidelines were restricted to only two routine CT
scans during the first year, performed at 3 and 12
months from EOT in patients with aggressive lympho-
mas who achieved CMR. No more scheduled CTs were
planned in the follow-up of these patients. We
reviewed the timing of CT scans performed within

the first year of follow-up and, the cause of non-com-
pliance was identified if applicable. We also calculated
the number of CT scans performed within the first five
years of follow-up and defined an accurate protocol
adherence when two routine CT scans were performed
within the first year. A ‘positive’ CT scan was con-
sidered when leading to a confirmatory biopsy, regard-
less of its result. Furthermore, we obtained a positivity
rate of surveillance CT scans at each month (every
three months within the first year), along with overall
positivity rate within the first year. Positivity rate
includes in the numerator routine CT scans considered
as ‘positive’ following the previously explained cri-
terion: all routine CT scans leading to a confirmatory
biopsy, independently of relapse confirmation.
Besides, diagnostic yield of surveillance CT scans
within the first year was calculated as the ratio of
biopsy-proved relapses identified solely by surveil-
lance CT scan among the total number of CT scans per-
formed during this time-lapse. Thus, the difference
between positivity rate and diagnostic yield is the
confirmation of relapse by a pathological biopsy,
which is necessarily achieved to be part of the numer-
ator of the diagnostic yield, while positivity rate
includes in the numerator all surveillance CT scans
which prompted the performance of a biopsy to rule
out relapse.

Moreover, we categorized suspicion of relapse detec-
tion in the following groups: (1) abnormal physical
examination; (2) blood test findings; (3) surveillance CT
scan; (4) composite detection; (5) unscheduled CT
scan; 6) other procedures (for instance, upper gastroin-
testinal endoscopy). The first finding was the one that
assigned the category. The category named ‘composite
detection’ was considered when suspicion of relapse
was caused by more than one finding at the same
time. Laboratory test findings include abnormalities in
the following parameters: complete blood cells count,
LDH, liver enzymes and peripheral blood smear. Other
variables followed-up at relapse were like those evalu-
ated at diagnosis.

Overall survival (OS) was measured from the date of
treatment initiation to the date of death from any cause
or the date of last visit. Progression-free survival (PFS)
was calculated from the date of treatment initiation to
the date of relapse, disease progression, death from
any cause or the date of last visit. Cause of death was
extracted from electronic medical records. Probabilities
of OS, PFS and cumulative incidence were calculated
using Kaplan–Meier method. Statistical analyses were
performed using IBM SPSS Statistics 23.

Results

We identified 240 patients diagnosed with DLBCL
between 2008 and 2018. One hundred one patients
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fulfilled all inclusion criteria and were enrolled in the
study. The reasons for not being included in the
study are shown in Figure 1. Three patients who
achieved CMR after treatment were transferred to
other cities for personal reasons. These patients did
not have any surveillance appointment and were con-
sidered as loss to follow-up.

Patient characteristics at diagnosis and treatment
are available in Table 1. Median follow-up was 59
months (IQR = 34–89.5 months). Mean OS and PFS
were 125.3 months (95% confidence interval (CI) =
115.9–134.8 months) (Figure 2(A)) and 112.9 months
(95% CI = 101.6–124.2 months) (Figure 2(B)),
respectively.

A total of 19 relapses were identified, a figure that
represents 18.8% of DLBCL patients included. Nine
patients relapsed within the first year (47.4% of all
relapses). The cumulative relapse incidence within
the first year was 8.9%. According to type of relapse
detection in the first year, 3 (33.3%) were diagnosed
by CT scan, 4 (44.4%) by physical examination, 1
(11.1%) by upper gastrointestinal endoscopy and 1
(11.1%) by a combination of physical examination
and blood test. Globally, 15.8% of relapses were

diagnosed by institutionally recommended surveil-
lance CT scans. Patient features at relapse are
described in Table 2 and further details about relapses
are provided in Table 3.

A total of 202 CTs were done in the first year, for an
overall protocol adherence of 75.2%. The overall posi-
tivity rate in the first year was 2%, with only 4 positive
CT scans in this time-lapse. At 3 months of EOT, 81 out
of 101 patients had a CT scan. Only 1 out of the 81 CTs
was considered positive, but a biopsy of the suspicious
lesion did not confirm lymphoma relapse. At 12
months, 53 patients had a CT scan, for a protocol
adherence of 47.5% and relapse was detected in only
1 case. Out of schedule, this means at 6 or 9 month,
68 CTs were done, but only in 2 cases was detected
relapse. Diagnostic yield within the first year, defined
as the ratio of biopsy-proven relapses identified exclu-
sively by surveillance CT scan among the total number
of CT scans performed, was 1.5% (95% CI = 0–3.2%; p
< .001), since only three relapses were confirmed out
of the total amount of CT scans performed. Addition-
ally, as previously mentioned, a biopsy ruled out
relapse in one patient with a positive routine CT scan
at 3 months, leaving a false-positive rate of 25%. The

Figure 1. Flowchart detailing causes of exclusion, number of patients included and number of relapses.
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median number of CT scans within five years of follow-
up was 3 (range = 0–16). We identified 10 patients
(9.9%) who were onto more than 8 CT scans during
the first 5 year of follow-up. Overall exposure to CT
scans is summarized in Table 4.

Discussion

CT scans have remained common practice in the last
three decades for the response evaluation and the

follow-up of patients with lymphoma [18]. This
imaging technique was particularly relevant after the
introduction of anthracycline-containing polyche-
motherapy in aggressive lymphomas because up to
50–60% of these patients could achieve long-term sur-
vival [7,9]. Surveillance policy typically included routine
CT scans every 3–4 months during the first 2 years, and
annually thereafter. During the last fifteen years, the
surveillance protocol for lymphoma patients in CMR
at our Lymphoma Unit included only 2 CT scans
within the first year, performed at 3 and 12 months
after EOT. This practice was mainly followed after intro-
duction of response evaluation by PET-CT. The recent
Lugano guidelines [10] discouraged routine CT scans

Table 1. Patient characteristics at diagnosis and treatment.
DLBCL (n = 101)

N (%)

Age years, median (range) 67 (25–85)
Age > 60 years 43 (42.6)
Gender

Male 58 (57.4)
Female 43 (42.6)

ECOG PS
0–1 77 (76.2)
2–4 37 (23.7)

Lymphadenopathies 51 (51.5)
Splenomegaly 13 (13.1)
B symptoms 35 (34.7)
Pruritus 4 (4.1)
Other findings 36 (36.4)
LDH ULN 50 (49.5)
Bulky ( > 10 cm) 27 (26.7)
≥2 extranodal sites 27 (26.7)
Bone marrow involvement 11 (10.9)
Ann Arbor stage

I–II 37 (36.6)
III–IV 64 (63.4)

IPI
Low risk 32 (31.7)
Intermediate risk 51 (50.5)
High risk 18 (17.8)

Chemo-immunotherapy
R-CHOP 78 (77.2)
R-MegaCHOP 5 (5)
R-EPOCH 10 (9.9)
Other regimens 8 (7.9)

Deaths 15 (14.9)
Follow-up duration median, months (range) 59 (143–144)

Notes: DLBCL: Diffuse large B-cell lymphoma. ECOG PS: Eastern Coopera-
tive Oncology Group Performance Status. IPI: International Prognostic
Index LDH: Lactate dehydrogenase. ULN: upper limit of normal. Other
regimens: R-CHOP14 (3), R-CMyOP (4), R-GEMOX (1).

Figure 2. Overall survival (A) and progression-free survival (B) in diffuse large B-cell lymphoma.

Table 2. Patient characteristics at relapse.
DLBCL (n = 19)

N (%)

Age years, median (range) 68 (40–86)
Gender

Male 13 (68.4)
Female 6 (31.6)

ECOG PS
0–1 15 (78.9)
2–4 4 (21.1)
Lymphadenopathies 7 (36.8)
Splenomegaly 2 (10.5)
B symptoms 2 (10.5)
Pruritus 0 (0)
Other findingsa 8 (42.1)
LDH ULN 8 (42.1)
Bulky(>10cm) 2 (11.1)

Ann Arbor stage
I–II 9 (47.4)
III–IV 10 (52.6)

IPI
Low risk 9 (47.4)
Intermediate risk 7 (36.8)
High risk 3 (15.8)
Median survival from relapse, months (range) 26 (1–134)

Notes: DLBCL: Diffuse large B-cell lymphoma. ECOG PS: Eastern Coopera-
tive Oncology Group Performance Status. IPI: International Prognostic
Index LDH: Lactate dehydrogenase. ULN: upper limit of normal.

aOther findings: neurological manifestations (4), orbital mass, pleuritic
chest pain, unilateral lower limb swelling, abdominal mass; non-pro-
ductive cough, painful pectoral region mass, submandibular gland invol-
vement, parotid gland involvement.
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among asymptomatic patients achieving CMR, reser-
ving them only when prompted by clinical features.

In our cohort of DLBCL patients, the cumulative
relapse incidence within the first year was less than
10%, but in spite of the fact that about half of relapses
occurred within the first year, the suspicion of pro-
gression was raised by CT in only a third of them. In
fact, the diagnostic yield of surveillance CT scan
within the first year was only 1.5%. Therefore, our
real-world data in DLBCL patients are in accordance
with the Lugano recommendations [10], discouraging
the use of routine CT scans for detecting a relapse in
advance.

Beyond the impact of surveillance CT scans within
the first year, we were also interested in analyzing
the value of CT scans between the second and fifth
year of follow-up. Fifteen relapses were identified
from the second year, mostly by physical examination.
With respect to CT scans, five relapses were detected
by unscheduled CT scans and 1 by a combination of
physical examination and CT scan. Then, we consider
that surveillance by CT scan has also scarce benefit, if
any, from the second year. In DLBCL patients, since
most relapses occur within the first 2 years [19], we
would have required a considerable exposure to CT
scans to detect just one relapse.

Another argument for surveillance CT scans might
be the theoretically favorable impact on survival
derived from early relapse detection, when disease is
not widely spread. Nevertheless, since most DLBCL
patients achieved a sustained CMR, our cohort did
not provide us enough relapsed patients to perform

a subgroup analysis from time of relapse. However,
some observational studies have already addressed
the impact of detection by surveillance CT scan on sur-
vival, obtaining no differences between symptomatic
and asymptomatic patients detected by routine CT
scan [13–15]. Consequently, there are no data to
clearly support routine imaging in asymptomatic
DLBCL after first-line therapy, and especially in the
PET-era. In follicular lymphoma in first CR, Goldman
et al. have observed that most relapses were detected
clinically [18]. They did not find differences in OS
according to the method of relapse detection (clinical
vs radiologic detection through surveillance imaging)
and therefore, they also suggest a limited role for
routine surveillance imaging in asymptomatic follicular
patients in first CR.

Another practice of limited evidence in detecting
relapse is the performance of regular blood testing in
the surveillance of DLBCL [20]. Recently, Hawkes and
cols have shown that blood tests do not reliably
detect relapse in asymptomatic patients with aggres-
sive lymphoma in CR [21]. In our study, we only
detected one patient in which relapse was suspected
by abnormal blood test either with physical examin-
ation abnormality. Then, regular blood test should
not be longer recommended in surveillance guidelines
and, probably, this will improve the value of health
care for patients.

Moreover, it is also remarkable that some negative
effects have been described from this practice,
especially the risk of secondary primary malignancies
(SPM) due to exposure to radiation. In regard to this
risk of SPM, two major contributors have been ident-
ified: radiotherapy (RT) and surveillance CT scans. The
association between RT and the development of SPM
is well-known for many years. This risk occurs not
only in elderly patients but also in young adults and
children. Of special interest are the findings of a
phase III study in children with Hodgkin lymphoma
where a significantly increased risk of SPM is observed
in those who received RT [22]. Conversely, the risk
associated with performing multiple CT or other
imaging tests is underestimated in the clinical practice.
However, their association is unquestionable [23].
Chien and cols have described the risk for SPM
among NHL patients in relationship with exposure to
CT scans, identifying that those patients who had
more than 8 CT scans have double risk for developing
SPM than those without [24]. In our cohort, 8 patients
were treated with RT and 11 had more than 8 CT scans
within the first five years of follow-up, being at a higher
risk for developing SPM. Interestingly, most patients
having more than 8 CT scans were included in clinical
trials. Because of this, we also believe that the number
of imaging tests in clinical trials should be limited. For
this, and in order to minimize the risk of radiation-
induced SPM, other tools should be investigated for

Table 3. Type of suspicion of relapse within the first year and
from the second year.

Detection of relapse

DLBCL (n = 19)

12 months or less More than 12 months

Physical examination 4 5
Surveillance CT scan 3 3
P.E. + CT scan 0 1
P.E. + Blood test 1 0
Unscheduled CT scan 0 1
Upper GI endoscopy 1 0
All types of detection 9 10

Notes: CT: computed tomography. DLBCL: Diffuse large B-cell lymphoma.
GI: gastrointestinal. P.E.: physical examination.

Table 4. CT scans exposure up to five years of follow-up.
DLBCL (n = 101)

N (%)

CT scans, total 432
CT scans, median (range) 3 (0–16)
CT scans, global exposure

0–2 33 (32.7)
3–5 46 (45.5)
6–10 12 (11.9)
>10 10 (9.9)

CT scans from the second year, median (range) 1 (0–13)
Diagnostic yield from the second yeara 3/230 (1.3)

Notes: CT: computed tomography. DLBCL: Diffuse large B-cell lymphoma.
aRatio of biopsy-proved relapses identified by CT scan among the total

number of CT scans performed from the second to the fifth year.
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the follow-up of DLBCL patients. Liquid biopsy using
next-generation-sequencing is a very promising tech-
nique to monitor treatment response of patients with
DLBCL and its value in the follow-up of patients with
DLBCL is under study by several groups. Preliminary
results are very promising [25,26]. Concerning other
potential negative effects related to surveillance by
CT scan, Thompson and cols showed that this practice
can be a source of anxiety and fear of recurrence,
besides anxiety derived from disease itself [27]. In our
cohort, 1 false-positive CT scan led to a preventable
biopsy at 3 months, being a possible source of
anxiety. Nevertheless, our study was not designed to
measure this effect. Additionally, a negative cost-effec-
tiveness has been reported in association with
common use of surveillance CT scans [28].

This investigation accounts for several limitations.
While the DLBCL cohort of patients achieving CMR
was pretty large, given the low number of relapsed
patients, we were unable to assess whether any sub-
group of patients could specifically benefit from CT
follow-up. However, our real-world data in a long-
term follow-up cohort provide directly applicable
results, which support the Lugano recommendations
[12] that were mainly based on clinical trial data.

In conclusion, in the PET–CT scan era, surveillance
with CT scans is not useful among DLBCL patients in
CMR after immunochemotherapy, reinforcing
Lugano’s recommendations [10] and supporting its
application in the context of routine clinical practice.
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