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Abstract

Background: While many patients with follicular lymphoma (FL) undergo routine radiographic 

surveillance during their first remission, no consensus exists on the modality, duration, frequency, 
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or need for routine imaging studies. We retrospectively examined the effect of surveillance 

imaging on relapse detection and overall survival (OS) in FL patients.

Methods: Patients with newly diagnosed FL with a response to induction therapy were identified 

from the Lymphoid Malignancies Enterprise Architecture Database (LEAD) at Emory University 

and from the Molecular Epidemiology Resource (MER) of the University of Iowa/Mayo Clinic. 

Patients were evaluated for both relapse and method of relapse detection (i.e. clinical concerns vs 

radiologic detection via surveillance imaging in an asymptomatic patient).

Results: Of 148 LEAD cohort patients, 55 (37%) relapsed, with the majority (n=35, 64%) 

detected clinically. In the MER cohort, 63 (54%) of 117 relapses were detected clinically. There 

was no significant difference in OS from the date of diagnosis between the two methods of 

relapse detection in the LEAD (hazard ratio [HR]=0.61 [95% CI (0.13–2.94)], p=0.54) and MER 

(HR=1.02 [95% CI (0.47–2.21)], p=0.96) cohorts. Similarly, there was no significant difference in 

OS from the date of relapse between the two methods of relapse detection in the LEAD (HR=0.47 

[95% CI (0.10–2.27)], p=0.35) and MER (HR=1.02 [95% CI (0.47–2.21)], p=0.96) cohorts.

Conclusion: These findings suggest a limited role for routine surveillance imaging in patients 

with FL who complete front-line therapy. Future studies should evaluate which patients may 

benefit from a more aggressive surveillance approach and should explore novel methods of relapse 

detection.

Precis:

Method of relapse detection (asymptomatic surveillance imaging vs clinically-directed 

assessment) is not associated with improved outcomes for patients with relapsed follicular 

lymphoma. Radiographic abnormalities identified on asymptomatic surveillance studies are 

frequently false positive findings.

Keywords

Follicular lymphoma; surveillance; relapsed follicular lymphoma; PET/CT; CT

Introduction:

Follicular lymphoma (FL) is the most common type of indolent non-Hodgkin lymphoma 

(NHL).1,2 While almost all patients with FL will respond to initial induction therapy, FL is 

typically considered an incurable disease with conventional therapy, and nearly all patients 

will relapse after initial induction. Most relapses occur more than 3 years after completing 

initial therapy, and the median overall survival (OS) with currently available treatments 

is prolonged and approaches the life expectancy of unaffected patients.2–5 As a result, 

many patients will remain in remission for years before relapsing and will often experience 

prolonged survival even after initial relapse.4,6–9 These patients require an evidence-based 

approach to surveillance that accounts for patient- and disease-related risk stratification such 

as stage, grade, and FL international prognostic index (FLIPI) risk score.10,11

Due to the high lifetime risk of relapse in FL, current guidelines suggest that patients should 

undergo routine clinical follow-up for early relapse detection during first remission.11,12 
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While scheduled surveillance imaging of asymptomatic patients is a common practice in 

certain regions of the world, no consensus exists on the type, duration, frequency, or 

need for routine imaging studies as part of follow-up care.13,14 Most guidelines for post-

induction computed tomography (CT) surveillance in NHL are founded on data regarding 

aggressive NHL. A plethora of studies suggest the limited value of surveillance imaging 

in detecting asymptomatic NHL relapse earlier, relative to symptom-driven investigations, 

as surveillance imaging has not been associated with improved OS.12,14–20 In addition, 

scheduled radiographic imaging can be harmful to patients.21 Aside from the increased 

expense and heightened anxiety, according to Shenoy et al., a five-year course of CT 

surveillance in NHL could increase the lifetime cancer incidence attributable to radiation 

exposure to 0.044% for males and 0.057% for females. Significant radiation exposure also 

results from cumulative positron emission tomography–CT (PET-CT) scans, which are now 

widely used in surveillance.13,21–23 Because routine asymptomatic surveillance imaging 

in aggressive NHL is of unclear benefit, the National Comprehensive Cancer Network 

(NCCN), European Society for Medical Oncology (ESMO), and the American Society of 

Hematology (ASH) Choosing Wisely Campaign guidelines have recommended limiting its 

use in most patients with NHL.12,15–17

Not all recommendations based upon data from aggressive lymphoma studies, however, 

can be accurately applied to indolent lymphomas such as FL, due to differences in disease 

biology and clinical pattern of relapse. The management of indolent lymphomas differs from 

that of aggressive lymphomas, as many patients with the former are currently not treated 

with curative intent and will not relapse until years after completing induction therapy.2,24,25 

Despite these differences, there is a paucity of data available to guide clinical management 

of patients with FL who have achieved first complete or partial remission. Current guidelines 

from NCCN and ESMO still suggest surveillance imaging every six months for two years 

following induction, and optionally annually up to five years.15 However, data supporting 

guideline recommendations is limited as they relate to indolent lymphomas.12 In this 

study, we evaluated the role of routine surveillance imaging following induction therapy 

in an institutional cohort of patients with previously untreated FL, described the impact of 

surveillance on OS, and validated our results with an independent, multi-institutional patient 

cohort.

Methods:

Patient Population

We performed a retrospective chart review on all patients with previously untreated FL 

and complete records at Emory University diagnosed between July 1991 and July 2016. 

Patients were identified using the Institutional Review Board (IRB)-approved institutional 

Lymphoid Malignancies Enterprise Architecture Database (LEAD), which included patient 

data for each lymphoma patient evaluated or treated at Emory. Patients eligible for inclusion 

were those above the age of 18 who had achieved a documented partial response, complete 

response, or stable disease following first-line induction therapy as reported by clinicians 

and radiologists and who did not proceed immediately to a second-line regimen (planned 

maintenance was not considered a second-line regimen).11 All stages and grades of FL 
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were included, except for grade 3b. Patients were excluded if they had incomplete outcome 

data after initial treatment (i.e. missing or incomplete documentation of clinical outcomes 

following induction therapy), experienced treatment failure defined as a time to progression 

of less than 26 weeks, or pursued watchful waiting without therapy during the observation 

period.

The validation cohort comprised of patients with previously untreated FL within the 

Molecular Epidemiology Resource (MER) of the University of Iowa and Mayo Clinic 

Lymphoma Specialized Program of Research Excellence, which prospectively enrolled 

patients within 9 months of a lymphoma diagnosis, between 2002 and 2015.26 Eligible 

patients met the same inclusion/exclusion criteria and medical record abstraction protocol 

as those included in the LEAD cohort. However, only FL patients with documented relapse 

were included in the MER cohort, with the intent of validating the initial findings on the 

impact of surveillance imaging on OS in relapsed FL patients.

The medical records were evaluated for patient demographics, disease characteristics at the 

time of diagnosis, and information regarding treatment.10,11,27,28 Patients were assessed 

for the type of response to therapy according to standard criteria based on the type of 

end-of-induction imaging studies. Type and duration of maintenance therapies were also 

noted, if administered.

Imaging Studies and Relapse Detection

We reviewed clinical documentation and all radiology reports following initial induction 

therapy, for the entirety of the surveillance period. Central review was not utilized as part of 

the study protocol. Each individual study was evaluated for imaging modality (CT, PET/CT, 

magnetic resonance imaging [MRI], other), imaging indication (scheduled asymptomatic 

surveillance imaging vs concerning signs or symptoms of relapse vs other indication), study 

impression (concerning for relapse, negative for relapse, equivocal), determined disease 

status after imaging, and study date. The number and type of each imaging study for every 

subsequent year after completion of induction therapy until first confirmed relapse were 

recorded for each patient.

Additionally, the diagnostic modality of relapse detection, the date of declared relapse, and 

the presence of concerning signs or symptoms at the time of relapse were recorded. The 

modality of relapse detection was stratified into clinical or radiologic detection of disease 

relapse. Clinical detection was defined by the documentation of patient-reported symptoms, 

worrisome physical exam findings potentially warranting biopsy, or abnormal lab values 

suggestive of relapse that were identified prior to a newly ordered scan or concurrently with 

a prescheduled surveillance scan at the time of confirmed relapse. Radiologic detection was 

defined by disease relapse first suggested on imaging, reviewed by a radiologist as part 

of routine surveillance, and later confirmed by other diagnostic means (i.e. histopathology 

and/or additional imaging); these patients must have been asymptomatic at the time of 

detection as determined by a lack of concerning findings on their most recent visit with 

an oncologist. Clinical notes were individually reviewed at the time of relapse to ensure 

accuracy in classifying the modality of relapse detection. Date of last follow-up or death 
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were recorded for all patients. Access to the original data forms can be obtained by 

contacting the corresponding author.

Statistical Considerations

Analysis was conducted both separately for the LEAD and MER cohorts and in 

combination. Descriptive statistics were used to summarize the patient demographics, 

disease characteristics, and disease course following first remission. Categorical variables 

were presented with counts and percentages. The comparison between the clinical detection 

and radiographic detection groups were tested using the χ2 tests or Fisher’s exact test. 

Continuous variables were presented using the median and range, and the difference 

between two groups was determined using ANOVA or the Kruskal-Wallis test.

To mitigate the risk for lead-time bias, OS was analyzed from both the date of diagnosis 

and the date of relapse until the date of death due to any cause or last known follow-up. 

PFS was defined as the time from the date of diagnosis to the first date of clinical 

evaluation or imaging leading to subsequent relapse detection. Survival probability was 

estimated using the Kaplan-Meier method, and the survivals between different groups, 

adjusted by clinical detection of relapse or asymptomatic radiographic detection of relapse, 

were compared using the cox proportional hazards model in the univariate survival analysis. 

The cox-proportional hazards model was further employed in the multivariable survival 

analysis to reduce potential confounding factors (Supplemental Tables 1–3). Those variables 

that were significant at an alpha of 0.2 were used. Variables were selected using backwards 

elimination method with an alpha of 0.2. For the imaging studies, the cohort of origin was 

considered a potential confounder for the combined analysis and was therefore included in 

the multivariable selection model.

The performance of each radiographic imaging modality within the LEAD cohort was also 

assessed. Sensitivity, specificity, positive predictive value (PPV), and negative predictive 

value (NPV) were estimated and reported. In order to be considered a true negative scan, a 

patient needed to have an absence of relapse within 6 months of the negative scan or absence 

of relapse by the next scheduled scan, whichever was shorter. All statistical analyses were 

performed using SAS, R and OIsurv packages with two-sided tests. Statistical significance 

was assessed at the 0.05 level.29

Results:

LEAD Cohort

Patient Characteristics—Out of a total of 395 patients with FL identified in LEAD, 247 

were excluded due to missing recorded treatment outcomes after first-line induction therapy 

(frequently due to patients being seen as a one-time second opinion visit), incomplete 

documentation regarding baseline disease characteristics at the time of initial diagnosis, 

lack of response to first-line induction therapy, or pursuit of a watchful-waiting monitoring 

strategy. Eleven patients were excluded due to early progression. Overall, 148 patients with 

newly-diagnosed FL and a documented response to first-line therapy met criteria for study 

inclusion, including 104 patients who achieved CR, 37 patients who achieved PR, 1 patient 
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who achieved SD, and 6 patients who had a response but for which CR vs PR could not be 

determined.

Of the 148 included patients, 66 (45%) were male. Median age at diagnosis was 57.6 years 

(range 22–84), and 119 patients (83%) had grade 1–2 disease. Most patients (n=108, 75%) 

had stage 3–4 disease. Of 127 patients with available data, 56 (44%) had a high-risk FLIPI 

score (≥3). The median surveillance period for the cohort was 5.9 years (range 0.54–25.70). 

Additional patient characteristics are included in Table 1.

The median time from diagnosis to initial treatment was 2 months (range 0–134). Initial 

treatment included combination chemo-immunotherapy in 73% of patients, single agent 

rituximab in 16% of patients, and radiation therapy in 12% of patients. Six patients who 

were treated prior to 2000 received combination chemotherapy without immunotherapy. 

Among those who received combination chemo-immunotherapy, R-CHOP (rituximab, 

cyclophosphamide, doxorubicin hydrochloride, vincristine sulfate, and prednisone) and BR 

(bendamustine-rituximab) were the two most common regimens given, administered to 

42 (28.4%) and 17 (11.5%) of all treated patients, respectively, followed by VR-CHOP 

(bortezomib and R-CHOP) administered to 16 (10.8%) patients on a clinical trial30, and 

R-CVP (rituximab, cyclophosphamide, vincristine sulfate, and prednisone) administered to 

12 (8.1%) patients. Eighty-three patients (56.1%) received maintenance therapy.

Method of Relapse Detection in Post-Treatment Patients—Fifty-five (37%) of the 

148 included patients experienced a relapse during the surveillance period. The median 

follow-up for those who did not relapse was 4.3 years (range 0.6–18.3). Of the 55 relapses, 

35 (64%) were detected as a result of clinical signs or symptoms, and 18 (33%) cases were 

detected on routine surveillance imaging in the absence of any other documented clinical 

suspicion of relapse (Figure 1). Two patients (3%) did not have the method of relapse 

detection documented. Among the patients with a documented relapse, only FLIPI score 

(p=0.018) was associated with a difference in method of relapse detection (Table 1).

Median PFS from the date of diagnosis for those whose first relapse was detected by 

asymptomatic surveillance imaging was 3.6 years (95% confidence interval[CI] [1.8–4.4]) 

whereas it was 4.2 years (95% CI [2.5–6]; Table 2) for those whose relapse was detected 

as a result of clinical signs and symptoms. Three-year PFS was 55.6% and 57.1% for the 

radiologic surveillance detection group and the clinical detection group, respectively (Table 

2). There was no difference in PFS between surveillance imaging and concerning clinical 

signs/symptoms (HR = 1.37 [95% CI (0.76–2.45)], log rank p = 0.29; Figure 2A]. No 

clinical variable except age at diagnosis was associated with PFS (HR = 1.02 [95% CI 

(1.00–1.04), log rank p = 0.07]. After adjusting for age in the multivariable analysis, the 

association of the type of imaging with PFS was not significant (HR for surveillance = 1.26 

[95% CI (0.70–2.26)], p = 0.44; Supplemental Table 1).

Similarly, there was no statistically significant difference in OS from the date of diagnosis 

between those whose first relapse was detected by routine surveillance imaging and those 

whose first relapse was detected as a result of concerning clinical signs/symptoms in both 

the univariate analysis (HR=0.61; [95%CI (0.13–2.94), log rank p=0.53; Figure 3A) and 
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after adjusting for age in the multivariable analysis (HR=0.32 [95% CI (0.06 – 1.76)], 

p=0.19; Supplemental Table 2). Three-year OS was 93.3% for the radiologic surveillance 

detection group and 97.1% for the clinical detection group (log rank p=0.53; Table 3). No 

significant difference was found in OS from the date of confirmed relapse to the time of 

death or last known follow-up (HR for surveillance group 0.46; 95% CI 0.09–2.22; log rank 

p=0.32; Figure 4A) by univariate analysis and after adjusting for age in the multivariable 

analysis (HR=0.32 [95% CI (0.06–1.70), p=0.18; Supplemental Table 3).

Individual Imaging Studies—One hundred and thirty-one patients (89%) underwent at 

least one recorded radiographic imaging study, with a median of 6 recorded studies per 

patient during the surveillance period (range 1–27). Of 656 total individual imaging studies, 

443 (67%) were CT scans, 188 (29%) were PET/CT, 24 (4%) were MRI, and 1 was a 

mammogram. Seventy-one of 656 scans were performed due to a clinical concern, 584 due 

to surveillance, and for one scan the indication was not reported. Thirty-two (45%) of the 

71 scans completed due to a concern for possible relapse resulted in a confirmation of 

relapse through biopsy or further imaging. Of the 584 surveillance scans, 68 (11%) were 

concerning for relapse based on the study impression. Twenty-one of the 68 concerning 

surveillance scans ultimately resulted in confirmed relapse, showing that only 3.6 % of the 

584 surveillance scans led to the identification of a confirmed FL relapse (Figure 5). The 

total number-needed-to-treat/scan (NNT) to detect one asymptomatic relapse was thus 28 

surveillance imaging scans. The surveillance scans had a 91% specificity, 92% sensitivity, 

99.6% NPV, and 31% PPV across all imaging modalities. CT scans had a higher specificity 

than PET/CT scans (95% vs 83%) but a lower sensitivity (88% vs 100%) (Table 5).

MER Cohort

Patient Characteristics—Out of a total of 1121 patients with newly diagnosed FL within 

MER, 117 met the inclusion criteria for our study and experienced a relapse confirmed 

by subsequent imaging and/or biopsy during the surveillance period. Of the 117 patients, 

71 (61%) were male. Median age at diagnosis was 59.0 years (range 35–83), and 101 

(86%) had grade 1–2 disease. Most patients (n=99, 85%) had stage 3–4 disease. Of the 117 

patients, 48 (40%) had a high-risk FLIPI score. The median follow-up period for the cohort 

was 8.9 years (range 1.35–16) from diagnosis. Additional patient characteristics are included 

in Table 1.

Method of Relapse Detection in Post-Treatment Patients—Within the MER cohort, 

the median time from diagnosis to first confirmed relapse was 2.17 years (range 0.7–10.4). 

Of the 117 patients who relapsed, 63 (53.8%) were detected as a result of concerning 

clinical signs/symptoms, and 50 (42.7%) were detected on routine surveillance imaging in 

the absence of any other documented clinical suspicion of relapse. Four patients (3.4%) did 

not have the method of relapse detection documented. With a median follow-up from relapse 

of 5.8 years (range 0.02–14.82), 26 patients died.

The PFS between those with radiologic surveillance detection and those with clinical 

detection were not different (HR=0.98 [95% CI (0.67–1.44)], log rank p=0.93, Figure 

2B). The median PFS was 2.4 years (95% CI [1.9–2.8]) for the surveillance group vs 2.0 
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years (95% CI [1.6–2.6]) for those clinically detected (Table 2). There was no statistically 

significant difference in OS from the date of diagnosis between those whose relapse was 

detected by routine surveillance imaging and those whose relapse was detected as a result of 

clinical signs and symptoms (HR 1.02, 95% CI 0.47–2.21, p=0.96; Figure 3B). Three-year 

OS was 98.0% for the surveillance group and 95.2% for the clinical detection group (Table 

3). The HR for OS from diagnosis for surveillance imaging after adjusting for age, ECOG, 

and FLIPI score was not statistically significant (HR = 1.21 [95% CI (0.54–2.70)], p = 0.65). 

Additionally, no significant difference was found in OS from the date of confirmed relapse 

to the time of death or last known follow-up in the univariate analysis (HR 1.02, [95% CI 

(0.47–2.21)], p=0.96; Figure 4B) and after adjusting for age, ECOG, and FLIPI score (HR = 

1.14, 95% CI [0.51–2.54], p=0. 75; Supplemental Table 3).

Combined Cohorts

After validating our initial findings regarding the impact of relapse detection on OS, we 

subsequently evaluated all relapsed patients in the combined cohorts to further describe PFS 

and OS outcomes. Among the 117 patients with relapse in the MER cohort and 55 patients 

with relapse in the LEAD cohort, the median age was 58, and 97 patients (56%) were male. 

Four patients from MER and 2 patients from LEAD had no information on the type of 

imaging and were excluded from our analysis, resulting in a total of 68 patients with relapse 

detected by routine surveillance imaging and 98 by clinical suspicion (n=166). Baseline 

patient differences between the two methods of relapse detection are described in Table 1.

The median PFS was 2.5 years (95% CI [1.9–2.9]) for surveillance and 2.5 years (95% 

CI [2.0–3.2]) for clinical detection (Table 2). Based on the univariate analysis, routine 

surveillance was not statistically significantly associated with PFS (HR = 1.17 [95% CI 

(0.85–1.60)], log-rank p = 0.33; Figure 2C). Similar results were obtained after adjusting 

for age, stage, and cohort (HR = 1.05 [95% CI (0.76–1.44)], p = 0.77). Cohort type (LEAD 

vs MER) was also associated with PFS after adjusting for age, stage, and image type 

(HR = 0.55 [95% CI (0.38–0.80)], HR p = 0.002). The 3-year OS from diagnosis for the 

surveillance group was 96.9% [95% CI (88.3–99.2%)] and 95.8% [95% CI (89.3–98.4%)] 

for those clinically detected (Table 3). Based on OS from relapse, the 3-year survival rate 

was also comparable (Table 4). Method of relapse detection was not significantly associated 

with OS from diagnosis or relapse in the multivariable model (Figures 3C and 4C).

Discussion:

This study evaluated the survival outcomes of a large cohort of FL patients achieving 

first remission after induction therapy; we initially investigated the role of asymptomatic 

surveillance imaging at a major academic medical center and later confirmed our findings 

in a multi-institutional validation cohort. We conclude that the majority of relapses after 

first remission are initially suggested by clinical signs and symptoms and that relapse 

detection via routine surveillance imaging in asymptomatic patients carries no additional 

survival advantage. The routine, pre-scheduled use of radiographic imaging for surveillance 

of asymptomatic patients in first remission may therefore need to be reconsidered. Our data 

suggest that PET and CT scans be used judiciously in FL, and we recommend limiting them 
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to investigations of new clinical findings outside of clinical trials, such as end-of-induction 

response determination and as a mechanism for relapse confirmation in the presence of 

concerning clinical signs and symptoms. We recognize that the HR estimates suggest that 

there may be at least some groups of patients who benefit from a surveillance approach, 

and future projects should aim to identify these patients whom we feel are a minority of all 

patients presenting with FL.

While consensus about limiting the use of surveillance scans in NHL exists throughout 

the literature, most patients with FL continue to receive asymptomatic surveillance 

imaging.2,12,16,17,24,31 This may be due to the paucity of evidence regarding surveillance 

during first remission in indolent lymphomas, such as FL. Unlike aggressive lymphomas, FL 

is not currently treated with curative intent, and most patients will survive for many years, 

most of which will be without active disease.2,24,25 This study is significant in undertaking 

the largest retrospective investigation with a validation cohort, to our knowledge, of 

routine, asymptomatic surveillance imaging in first remission of FL as it relates to survival 

outcomes.

Of the patients who relapsed during the observation period, roughly 2/3 of patients in both 

cohorts presented with concerning clinical signs and symptoms that led to relapse detection. 

While the incidence of relapse detected on asymptomatic surveillance imaging was higher in 

this study relative to studies of diffuse large B-cell lymphoma, the incidence was consistent 

with that found in studies of indolent lymphomas.2,13,18,31 In addition, this study found that 

FL patients with relapse detected on surveillance do not have a significantly improved OS 

relative to those with relapse detected clinically. There is significant potential for lead-time 

bias when calculating the OS of FL, as it has an indolent course and can often be safely 

observed for an extended period of time without initiating chemotherapy immediately upon 

diagnosis. To mitigate this, we calculated OS from both the time of diagnosis as well as 

the time of relapse, as the OS calculated from the date of diagnosis to the date of death or 

last follow-up would be less impacted by lead-time bias. In our study however, while we 

expected OS post-relapse detection to have been longer in those patients whose relapse was 

detected by surveillance imaging, we found no difference in OS. This may suggest that our 

study cohorts were less affected by lead-time bias overall, and thus potentially reinforcing 

further the lack of benefit with routine surveillance imaging.

Our findings support extending the ASH Choosing Wisely Campaign and ESMO’s call for 

limiting the number of surveillance scans in asymptomatic NHL during first remission to 

include indolent lymphomas, although additional studies should be pursued for other NHL 

cohorts and indolent subtypes.12,15–17 Due to the retrospective nature of this study as well as 

the small number of patients with relapse detection by surveillance imaging, we were unable 

to detect a subgroup of patients who might benefit from routine surveillance. However, we 

found that those with B-symptoms on initial diagnosis were significantly more likely to have 

clinically significant symptoms on relapse. Given the unlikely eventuality of a randomized 

controlled trial of investigating the role of surveillance imaging, our understanding of the 

value of this strategy will rely on a series of retrospective analyses of controlled cohorts such 

as this one, which may provide greater insight into related individual patient factors that 

confer a benefit from a particular type of follow-up strategy during remission.
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For asymptomatic surveillance imaging in FL, the NNT was 28 scans to detect one 

confirmed diagnosis of relapse. This finding is a noteworthy consideration when deciding 

to employ routine surveillance imaging as part of a general follow-up strategy. In addition, 

across both CT and PET, the PPV of the imaging modalities in FL was low. While PET 

had superior sensitivity to CT, its specificity was lower. The performance of these imaging 

studies suggests the non-inferiority of CT relative to PET in relapse detection. While PET 

is more sensitive, the lower specificity suggests higher rates of false positives. CT and PET 

scanning do not come without risk, as false positives can lead to heightened anxiety and 

pursuit of invasive testing, such as biopsy or further radiation exposure.21–23 Furthermore, 

while cost-benefit analyses were not performed as part of this study, the increasing cost 

burden to both patients and health systems in pursuing follow-up testing to surveillance 

imaging, especially in light of such poor PPV and a high NNT, must be considered.13

As part of a retrospective cohort study, our conclusions were limited to observed 

associations and susceptible to selection bias and confounding variables from a lack of 

standardized disease management. Differences in acceptable methods of relapse detection 

and types of therapies available over the expansive observation period likely contributed to 

these variations. Clinically detected relapses may have theoretically been influenced by a 

concurrent scan just prior to the scheduled visit. In addition, the types of induction regimens 

employed, follow-up care, and surveillance strategies were at the discretion of individual 

physicians. The dissimilarities in the use of scheduled surveillance imaging by different 

physicians, in the follow-up care of asymptomatic patients further reflects the current 

lack of a standard approach to managing FL. Given the limitations of our retrospective 

data collection, we could not capture all imaging studies performed outside the treating 

institutions. However, it is likely that outside surveillance scans were negative for relapse, as 

follow-up visits at the treating institutions would have noted progression were it present, and 

therefore the inclusion of such scans may have further supported our findings. Additionally, 

while the detection of significant abdominal disease is often an issue in FL, we did not 

include and analyze serum creatinine values in this study, although patients who would have 

pursued imaging based on an abnormal lab value and who were found to relapse would have 

been classified under the clinically detected relapsed group.

Conclusion

In conclusion, most initial relapses of FL are detected as a result of concerning clinical signs 

or symptoms, and routine surveillance imaging provides no survival benefit. Future multi-

centered retrospective cohort studies are needed to reinforce these findings and potentially 

change current surveillance guidelines after first remission in FL. Investigations of specific 

prognostic markers to identify higher-risk FL pts who may benefit from surveillance 

imaging should also be considered. This study provides clinicians with evidence to support 

the practice of minimizing surveillance imaging in FL.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flowchart of FL patient selection and disease course of selected patients following first 

remission. (A) LEAD cohort. (B) MER cohort.

Surveillance imaging detection, defined by relapse of disease first suggested on imaging 

reviewed by a radiologist, as part of a routine surveillance schedule, and later confirmed 

by other diagnostic means; clinical signs and symptoms. defined by patient-reported 

symptoms at the time of confirmed detection of disease, concerning physical exam findings 

documented during a clinical visit, or abnormal lab values on prior follow-up.

Abbreviations: Pt, patient; CR, complete remission; PR, partial response; SD, stable disease; 

PET/CT, position-emission tomography/computed tomography; MRI, magnetic resonance 

imaging; PFS, progressionfree survival defined as the time from the date of diagnosis to the 

first date of clinical evaluation or imaging leading to subsequent relapse detection
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Figure 2. 
PFS from diagnosis in FL patients with confirmed relapse, stratified by method of relapse 

detection. (A) LEAD cohort. (B) MER cohort. (C) Combined cohorts.

PFS, progression-free survival, defined as the time from the date of diagnosis to the first 

date of clinical evaluation or imaging leading to subsequent relapse detection; clinical 

detection, defined by patient-reported symptoms at the time of confirmed detection of 

disease, concerning physical exam findings documented during a clinical visit, or abnormal 

lab values on prior follow-up; surveillance detection, defined by relapse of disease first 

suggested on imaging reviewed by a radiologist, as part of a routine surveillance schedule, 

and later confirmed by other diagnostic means.
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Figure 3. 
OS from diagnosis in FL patients with confirmed relapse, stratified by method of relapse 

detection. (A) LEAD cohort. (B) MER cohort. (C) Combined cohorts.

OS, overall survival, defined as the time from the date of diagnosis until the date of death 

or last known follow-up; clinical detection, defined by patient-reported symptoms at the time 

of confirmed detection of disease, concerning physical exam findings documented during a 

clinical visit, or abnormal lab values on prior follow-up; surveillance detection, defined by 

relapse of disease first suggested on imaging reviewed by a radiologist as part of a routine 

surveillance schedule, and later confirmed by other diagnostic means.
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Figure 4. 
OS from relapse in FL patients with confirmed relapse, stratified by method of relapse 

detection. (A) LEAD cohort. (B) MER cohort. (C) Combined cohorts.

OS, overall survival, defined as the time from the date of first relapse until the date of death 

or last known follow-up; clinical detection, defined by patient-reported symptoms at the time 

of confirmed detection of disease, concerning physical exam findings documented during a 

clinical visit, or abnormal lab values on prior follow-up; surveillance detection, defined by 

relapse of disease first suggested on imaging reviewed by a radiologist as part of a routine 

surveillance schedule, and later confirmed by other diagnostic means.
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Figure 5. 
Imaging study indications flowchart for LEAD cohort FL patients in remission after first-

line induction therapy
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Table 2.

PFS KM-probability estimates in FL patients with confirmed relapse, stratified by method of relapse detection

Cohort Group N Median Survival 1-Year Survival 3-Year Survival 5-Year Survival

LEAD Clinical Detection 35 4.2 (2.5, 6) 94.3% (79%, 98.5%) 57.1% (39.3%, 71.5%) 40% (24.0%, 55.5%)

Surveillance 
Detection

18 3.6 (1.8, 4.4) 94.4% (66.6%, 99.2%) 55.6% (30.5%, 74.8%) 22.2% (6.9%, 42.9%)

MER Clinical Detection 63 2.0 (1.6, 2.6) 88.9% (78.1%, 94.5%) 33.3% (22.1%, 45.0%) 9.5% (3.9%, 18.2%)

Surveillance 
Detection

50 2.4 (1.9, 2.8) 96.0% (84.9%, 99.0%) 32.0% (19.7%, 45.0%) 18.0% (8.9%, 29.7%)

Combined Clinical Detection 98 2.5 (2, 3.2) 90.8% (83.1%, 95.1%) 41.8% (32.0%, 51.3%) 20.4% (13.1%, 28.9%)

Surveillance 
Detection

68 2.5 (1.9, 2.9) 95.6% (86.9%, 98.6%) 38.2% (26.8%, 49.6%) 19.1% (10.8%, 29.2%)

PFS, progression-free survival, defined as the time from the date of diagnosis to the first date of clinical evaluation or imaging leading to 
subsequent relapse detection; clinical detection, defined by patient-reported symptoms at the time of confirmed detection of disease, concerning 
physical exam findings documented during a clinical visit, or abnormal lab values on prior follow-up; surveillance detection, defined by relapse 
of disease first suggested on imaging reviewed by a radiologist, as part of a routine surveillance schedule, and later confirmed by other diagnostic 
means.

Variables are presented as N and median survival in years or survival% (95% confidence interval) unless otherwise noted.

Abbreviations: KM, survival probability estimated using the Kaplan-Meir method; N, total number.
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Table 3.

OS from Diagnosis KM-probability estimates in FL patients with confirmed relapse, stratified by method of 

relapse detection

Cohort Group N Events Censored 1-Year Survival 3-Year Survival 5-Year Survival

LEAD Clinical Detection 34 7 (21%) 27 (79%) 100% (NA, NA) 97.1% (80.9%, 99.6%) 95.8% (89.1%, 98.4%)

Surveillance Detection 17 2 (12%) 15 (88%) 100% (NA, NA) 93.3% (61.3%, 99.0%) 86.2% (55.0%, 96.4%)

MER Clinical Detection 63 14 (22%) 49 (78%) 100% (NA, NA) 95.2% (85.7%, 98.4%) 90.0% (79.0%, 95.4%)

Surveillance Detection 50 12 (24%) 38 (76%) 100% (NA, NA) 98.0% (86.6%, 99.7%) 96.0% (84.8%, 99.0%)

Combined Clinical Detection 98 21 (21%) 77 (79%) 100% (NA, NA) 88.5% (79.6%, 93.6%) 83.4% (72.7%, 90.1%)

Surveillance Detection 68 14 (21%) 54 (79%) 100% (NA, NA) 91.9% (81.5%, 96.6%) 85.8% (73.4%, 92.7%)

OS, overall survival, defined as the time from the date of diagnosis until the date of death or last known follow-up; clinical detection, defined by 
patient-reported symptoms at the time of confirmed detection of disease, concerning physical exam findings documented during a clinical visit, or 
abnormal lab values on prior follow-up; surveillance detection, defined by relapse of disease first suggested on imaging reviewed by a radiologist, 
as part of a routine surveillance schedule, and later confirmed by other diagnostic means.

Variables are presented as N (%) or mean survival% (95% confidence interval) unless otherwise noted.

Abbreviations: KM, survival probability estimated using the Kaplan-Meier method; N, total number.
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Table 4.

OS from Relapse KM-probability estimates in FL patients with confirmed relapse, stratified by method of 

relapse detection

Cohort Group N Events Censored 1-Year Survival 3-Year Survival 5-Year Survival

LEAD Clinical Detection 34 7 (21%) 27 (79%) 100% (NA, NA) 97.1% (80.9%, 
99.6%)

95.8% (89.1%, 
98.4%)

Surveillance 
Detection

17 2 (12%) 15 (88%) 100% (NA, NA) 93.3% (61.3%, 
99.0%)

86.2% (55.0%, 
96.4%)

MER Clinical Detection 63 14 (22%) 49 (78%) 100% (NA, NA) 95.2% (85.7%, 
98.4%)

90.0% (79.0%, 
95.4%)

Surveillance 
Detection

50 12 (24%) 38 (76%) 100% (NA, NA) 98.0% (86.6%, 
99.7%)

96.0% (84.8%, 
99.0%)

Combined Clinical Detection 98 21 (21%) 77 (79%) 95.7% (88.8%, 
98.3%)

88.5% (79.6%, 
93.6%)

83.4% (72.7%, 
90.1%)

Surveillance 
Detection

68 14 (21%) 54 (79%) 96.9% (88.1%, 
99.2%)

91.9% (81.5%, 
96.6%)

85.8% (73.4%, 
92.7%)

OS, overall survival, defined as the time from the date of first relapse until the date of death or last known follow-up; clinical detection, defined by 
patient-reported symptoms at the time of confirmed detection of disease, concerning physical exam findings documented during a clinical visit, or 
abnormal lab values on prior follow-up; surveillance detection, defined by relapse of disease first suggested on imaging reviewed by a radiologist, 
as part of a routine surveillance schedule, and later confirmed by other diagnostic means.

Variables are presented as N (%) or mean survival% (95% confidence interval) unless otherwise noted.

Abbreviations: KM, survival probability estimated using the Kaplan-Meir method; N, total number.
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Table 5.

Performance of asymptomatic surveillance scans by radiographic imaging modality within the LEAD cohort.

Surveillance CT Surveillance PET Surveillance Other Imaging TOTAL

Total Scans 402 160 22 584

Concerning for Relapse 29 (7%) 39 (24%) 0 (0%) 68b (12%)

Total True Positives 8 (2%) 13 (8%) 0 (0%) 21 (4%)

Sensitivity 88% 100% 0% 91%

Specificity 95% 83% 100% 92%

PPV 27% 33% 0% 31%

NPV 99.7% 100% 100% 99.6%

Abbreviations: Concerning for Relapse, radiographic imaging study concerning for relapse as initially read by a radiologist; Total True Positive, 
imaging study read as positive by radiologist and later confirmed by biopsy or further imaging studies; PET, positron-emission tomography; CT, 
computed tomography; Other Imaging, includes magnetic resonance imaging and mammography used as part of surveillance for FL; PPV, positive 
predictive value; NPV, negative predictive value.
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