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Follicular lymphoma (FL) is the second most common non-
Hodgkin lymphoma (NHL) in Western countries and accounts 
for 20% to 35% of all lymphomas [1,2]. In Asia, until recently, 
the incidence has been characteristically low, at approximately 
5% to 10% of all lymphomas in most studies [3,4]. However, 
the relative proportion of FL in many Asian populations has in-
creased rapidly in recent years, and FL is now the second most 
common low-grade B-cell lymphoma after mucosa-associated 
lymphoid tissue lymphoma in Asia [3,5-7]. The proportion of 
FL to NHL increased from 8.1% to 23.5% in China and 5% to 
20% in Japan [3,4,7,8]; additionally, an increase in the propor-
tion in Korea, from 3.4% to 4.8% between 1999 and 2012, has 
been reported [9,10]. 

FL is characterized by indolent clinical behavior, and most 

cases involve a low histologic grade and low-risk Follicular Lym-
phoma International Prognostic Index (FLIPI), which is deter-
mined based on the sum of points assigned for each of the follow-
ing risk factors: age > 60 years, elevated lactate dehydrogenase 
(LDH) level, hemoglobin (Hb) level < 12 g/dL, Ann Arbor stage 
III/IV, and involvement of more than four nodal sites. Grade 3B 
FL or transformation to high-grade B-cell lymphoma significantly 
reduces survival [11,12]. However, due to the availability and 
broad use of rituximab, the incidence of transformation has been 
reduced, and the distribution of clinicopathologic features includ-
ing histologic grade and FLIPI subgroup has changed, although 
the differences have not been reported consistently [12-14]. Most 
of the information in the literature is based on studies involving 
Caucasian patients, and characteristics of FL in East Asians have 
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not been delineated well. In light of the recent increase in the inci-
dence of FL in the Korean population, we investigated the trends 
in incidence of FL from 2008 to 2017, using data from a large 
tertiary institution in South Korea, and examined the clinicopath-
ologic features of FL in the Korean population.

MATERIALS AND METHODS

Age-adjusted incidence rate of FL and frequency of FL and 
NHL

The age-adjusted incidence rate, which is a weighted average 
of the age-specific crude rate, was calculated using data from Ko-
rean Statistical Information Service (http://kosis.kr/index/index.do). 
The age-adjusted incidence rates per 100,000 were calculated 
by dividing the annual number of FL cases observed in a specif-
ic age group of patients treated at Asan Medical Center between 
2008 and 2017, by the number of corresponding person-years 
of observation; the obtained result was multiplied by 100,000.

Additionally, we retrieved the total numbers of inpatients and 
of patients with NHL or FL treated at Asan Medical Center, 
Seoul, between 2008 and 2017, using the Asan BiomedicaL re-
search Environment, i.e., ABLE, research information retrieval 
system. The annual frequency of patients with NHL or FL was 
calculated using the date of initial diagnosis. 

Patient selection 

A total of 239 patients diagnosed with FL between 2008 and 
2017, at Asan Medical Center was included in this retrospective 
study. The study included patients from whom excisional (n = 

215) and needle (n = 24) biopsy specimens were collected before 
treatment. The following demographic and clinical data were col-
lected by reviewing the patients’ medical records: age, sex, pres-
ence or absence of B symptoms (fever, night sweats, and weight 
loss), transformation to diffuse large B-cell lymphoma (DLBCL) 
(during follow-up), complete blood count, serum LDH level, 
bone marrow involvement, Ann Arbor stage, FLIPI risk group, 
and treatment modalities. 

Pathological review and immunohistochemistry data

All cases were reviewed, and based on the revised 4th edition 
of the World Health Organization classification criteria, patients 
with testicular FL, duodenal-type FL, and pediatric-type FL were 
excluded [2]. The following pathological parameters were re-
corded: histologic grade (grades 1–2, grade 3A, and grade 3B), 
histologic pattern (follicular, follicular and diffuse, and diffuse), 
and immunophenotype (expression of BCL2, BCL6, CD10, or 

Ki-67). Immunohistochemical (IHC) staining was performed 
on whole slides using a fully automated IHC assay on a Ventana 
BenchMark XT Autostainer (Ventana Medical Systems, Woon-
socket, RI, USA). Antibodies specific for the following markers 
were used: CD3 (clone PS1, mouse mAb, Novocastra, Newcastle-
upon-Tyne, UK), CD5 (clone 4C7, mouse mAb, Novocastra), 
CD20 (clone L26, mouse mAb, Novocastra), Ki-67 (mouse mAb, 
Dako, Glostrup, Denmark), CD10 (clone 56C6, mouse mAb, 
Novocastra), CD21 (clone 2G9, mouse mAb, Novocastra), BCL2 
(clone E17, rabbit mAb, Cell Marque, Rocklin, CA, USA), and 
BCL6 (clone GI191E/A8, mouse mAb, Cell Marque). Immu-
nostained slides from 239 FL cases were reviewed, and immu-
nopositivity was defined as protein expression by ≥ 30% of the tu-
mor cells [15-18]. Ki-67 proliferation index (PI) was assessed 
manually in neoplastic follicles, and a Ki-67 PI ≥ 30% was 
deemed as high expression [19-23].

Statistical analyses

Joinpoint regression analysis was performed to identify the 
changes in the incidence rates of FL at Asan Medical Center, using 
the Joinpoint Trend Analysis Software (ver. 4.8.0.1, Statistical 
Methodology and Application Branch, Surveillance Research 
Program, Division of Cancer Control and Population Sciences, 
National Cancer Institute). Joinpoint regression analysis usually 
is applied to study varying trends over time to identify the time 
point(s) at which the trends show significant changes [24-26]. 
Based on the trend analysis, we estimated the annual percentage 
change (APC) in the rates between trend-change points and the 
average annual percentage change (AAPC) for the entire study 
period. When there was no joinpoint (no significant change in 
trend), the APC was equal to AAPC.

Simple linear regression analysis was conducted to investigate 
changes in the proportion of clinicopathologic features of FL 
over the study period. Chi-square and Fisher exact tests were 
performed to evaluate the changes in clinicopathologic charac-
teristics from 2008 to 2012, and from 2013 to 2017. In addition, 
overall survival (OS) was analyzed using the Kaplan-Meier method 
from the date of diagnosis to the date of death or the last follow-
up visit, and data were compared using the log-rank test. All sta-
tistical analyses were conducted using SPSS software package ver. 
18.0.0 (SPSS Statistics software, SPSS Inc., Chicago, IL, USA) 
and R ver. 3.6.3 (R Foundation for Statistical Computing, Vienna, 
Austria). Statistical significance was defined by p-value < .05.
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RESULTS

Incidence of FL between 2008 and 2017 

In total, 8,406 patients (0.17% of total inpatients) with NHL 
were treated at Asan Medical Center between 2008 and 2017, 
and 498 patients (0.01% of total inpatients and 5.92% of NHL) 
had FL. The proportion of FL patients (patients with FL/total in-
patients) increased from 0.01% in 2008 to 0.02% in 2017, and 
the ratio of patients with FL to patients with NHL increased 
from 4.28% (26/607 cases) in 2008 to 9.35% (103/1102 cases) 
in 2017 (Supplementary Fig. S1). 

Fig. 1 presents the increasing trend in the age-adjusted inci-
dence rates of FL at Asan Medical Center between 2008 and 2017, 
and one joinpoint that was identified in 2010; the fastest increas-
ing trend was observed in 2008–2010 (APC, 48.3; 95% confi-
dence interval [CI], 9.0 to 101.7) and a moderately increasing 
trend was observed in 2010–2017 (APC, 10.1; 95% CI, 5.7 to 
14.8) (p = .034) (Fig. 1).

Clinicopathologic characteristics during defined periods

The patients with FL (n = 239) included in this study had a me-
dian age of 52.1 years (range, 17 to 82 years) with a male:female 
ratio of 1.13:1. The overall clinicopathologic characteristics and 
initial treatment modalities used for the 239 patients and changes 
in the baseline characteristics from 2008 to 2012 and 2013 to 
2017 are summarized in Table 1. The proportion of patients 
aged > 60 years significantly increased from 13.2% in 2008–
2012 to 34.5% in 2013–2017 (p = .001) (Table 1). In 2013–2017, 
the proportion of patients with high-risk FLIPI (21.5% to 28.7%) 

and grade 3B FL (5.9% to 14.0%) increased but not at a statisti-
cally significant level (p = .270 and p = .077, respectively) (Table 1).

Fig. 2 outlines the changes in the proportion of patients >60 
years of age, with Hb level < 12 g/dL, elevated LDH level, and 
involvement of more than four nodal sites, which were the factors 
included in FLIPI score. The proportion of patients aged > 60 

Table 1. Baseline patient characteristics 

Characteristic
Total

(n = 239)

Year
p-

value2008–2012 
(n = 68)

2013–2017
(n = 171)

Age > 60 yr 68 (28.6) 9 (13.2) 59 (34.5) .001
Sex .267

Male 127 (53.1) 40 (58.8) 87 (50.9)
Female 112 (46.9) 28 (41.2) 84 (49.1)

B symptom .751
Absent 212 (90.2) 62 (91.2) 150 (89.8)
Present 23 (9.8) 6 (8.8) 17 (10.2)

Hb < 12 g/dL 41 (17.2) 12 (17.9) 29 (17.0) .861
Elevated LDH 46 (19.8) 15 (23.8) 31 (18.3) .353
Ann Arbor stage .111

Stage I/II 90 (37.7) 31 (45.6) 59 (34.5)
Stage III/IV 149 (62.3) 37 (54.4) 112 (65.5)

Bone marrow involvement 87 (37.8) 24 (35.8) 63 (38.7) .688
FLIPI .270

Low to intermediate 173 (73.3) 51 (78.5) 122 (71.3)
High 63 (26.7) 14 (21.5) 49 (28.7)

Histologic grade .077
1–2/3A 211 (88.3) 64 (94.1) 147 (86.0)
3B 28 (11.7) 4 (5.9) 24 (14.0)

Histologic pattern .018
Follicular 207 (87.7) 56 (82.4) 151 (89.9)
Follicular and diffuse 20 (8.5) 11 (16.2) 9 (5.4)
Diffuse 9 (3.8) 1 (1.5) 8 (4.8)

BCL2 expression .086
Negative 25 (11.3) 11 (16.9) 14 (8.9)
Positive 197 (88.7) 54 (83.1) 143 (91.1)

BCL6 expression .002
Negative 10 (4.3) 7 (11.1) 3 (1.8)
Positive 222 (95.7) 56 (88.9) 166 (98.2)

CD10 expression .461
Negative 44 (18.8) 14 (21.9) 30 (17.6)
Positive 190 (81.2) 50 (78.1) 140 (82.4)

Ki–67 PI ≥ 30% 86 (37.9) 15 (25.0) 71 (42.5) .016
Treatment .049

Watch-and-wait 44 (18.4) 6 (8.8) 38 (22.2)
Rituximab-based 130 (54.4) 40 (58.8) 90 (52.6)
Radiation monotherapy 30 (12.9) 11 (16.4) 19 (11.5)

Transformation to DLBCL 19 (8.0) 5 (7.4) 14 (8.2) .821
Deaths 15 (6.6) 6 (9.0) 9 (5.7) .387

Values are presented as number (%).
Hb, hemoglobin; LDH, lactate dehydrogenase; FLIPI, Follicular Lymphoma 
International Prognostic Index; Ki-67 PI, Ki-67 proliferation index; DLBCL, 
diffuse large B-cell lymphoma.
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Fig. 1. Age-adjusted incidence rates of follicular lymphoma be-
tween 2008 and 2017. 
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years significantly increased between 2008 and 2017 (R2 = 0.74, 
p < .001) (Fig. 2A). In contrast, the rates of patients with Hb 
level < 12 g/dL remained stable (R2 = –0.12, p = .959) (Fig. 2B). 
The proportion of patients with elevated LDH level sharply de-
creased between 2008 and 2013 (60.0% to 4.3%) and gradual-
ly increased to 25.0% in 2017; however, these changes were not 
statistically significant (R2 = 0.12, p = .173) (Fig. 2C). The pro-
portion of patients with involvement of greater than four nodal 
sites rapidly decreased during 2008–2010 (66.7% to 41.7%), 
but increased to 75.6% in 2017 (R2 = 0.05, p = .258) (Fig. 2D). 

Over 10 years, the proportion of patients with stage III/IV 
disease significantly increased (R2 = 0.36, p = .039) (Fig. 3A), as 
was observed on the joinpoint regression analysis (AAPC, 5.0; 
95% CI, 0.4 to 9.7; p = .035) (Table 2). We found a decreasing 
trend in the number of cases of low-risk FLIPI (R2 = 0.23, p = 

.094) and a slightly increasing trend in the number of cases of 
grade 3B FL (R2 = –0.20, p = .111), although the result was not 
statistically significant (Fig. 3B, C). Regarding histological pat-
tern, the proportions of follicular pattern (R2 = 0.24, p = .086) and 
diffuse pattern (R2 = 0.15, p = .145) showed increasing trends, 

whereas follicular and diffuse patterns decreased (R2 = 0.34, p = 

.045) (Fig. 3D), and these variations were significant during 
2008–2012 and 2013–2017 (p = .018) (Table 1). 

For the IHC staining results, the rates of FL cases with BCL2 
or BCL6 expression and those with Ki-67 PI ≥ 30% increased 
from 2008 to 2012 and from 2013 to 2017 (p = .086, p = .002, 
and p = .016, respectively) (Table 1). In the joinpoint regression 
analysis, the expression levels of BCL2 (AAPC, 2.6; 95% CI, 
0.7 to 4.6, p = .022) and BCL6 (AAPC, 3.0; 95% CI, 0.4 to 5.7; 
p = .028) significantly increased over the 10 years (Table 2). 

Since the 2000s, rituximab has been used widely, and a ma-
jority of the patients (54.4%) in this study underwent ritux-
imab-based chemotherapy; however, the proportion of patients 
on a watch-and-wait strategy significantly increased by 8.8% in 
2008–2012 and by 22.2% in 2013–2017, while there was a 
slight decrease in the number of patients on rituximab-based 
therapy (p = .049) (Table 1). There was no significant variation 
in other clinicopathologic features, e.g., sex, bone marrow involve-
ment, transformation to DLBCL, and mortality, over the study 
period. 
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In survival analysis, during a median follow-up of 47 months 
(range, 0 to 222 months), 15 patients died, and the mean OS was 
199 months. There was no significant OS difference between 
2008–2012 and 2013–2017 (Supplementary Fig. S2). 

DISCUSSION

The incidence rate of FL, which has been low in Korea, has 
increased in recent years. Lee et al. [9] studied 65,948 lymphoid 
diseases in the South Korean population and found increasing 
incidence of lymphoid malignancies (6.85% to 13.18%) and 
FL (0.22% to 0.39%) between 1999 and 2012. Kim et al. [27] 
studied epidemiologic changes in B-cell NHL in South Korea 
using the National Health Information Database and found 
that the incidence of FL has increased since 2006: the ratio of 
FL to NHL increased from 5.6% to 7.8% during 2006–2015, 
and the age-adjusted incidence of FL increased by 25% between 

2011 and 2015. Similarly, in the current study, the incidence of 
FL significantly increased between 2008 and 2017, with an in-
creasing ratio of FL:NHL. Although previous studies ascribed the 
low incidence of FL in Asian populations to ethnic differences, 
the recent trend of increased incidence rates might reflect the in-
creasing adoption of a Westernized lifestyle by Asian populations 
[6,28]. 

Currently, the etiology of FL is not understood fully; however, 
age, sex, ethnicity, genetic, clinical and environmental factors 
including lifestyle can affect the development of FL. Multiple 
large cohort studies have investigated the influence of smoking, 
alcohol intake, obese or overweight status and their relationship 
to FL development; however, the results have been conflicting 
[29]. A population-based study by Le et al. [30] in Canada dur-
ing 1992–2010, demonstrated that the incidence rate of FL in-
creased, especially in concentrated industrial zones, suggesting 
that industrial exposures play an important role in the develop-
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ment of FL. Further, it has been reported that exposure to herbi-
cides is associated with FL by causing a t(14;18)-translocation [30].

In the current study, we found an increasing trend of stage 
III/IV disease over 10 years, and that the proportions of high-
risk FLIPI and grade 3B FL also increased between 2008–2012 
and 2013–2017, although the results were not statistically sig-
nificant. In a study by Conconi et al. [14] that included 281 FL 
cases from 1979 to 2007, the trend in the proportion of patients 
aged ≥ 60 years with stage III/IV disease and high-risk FLIPI 
scores increased over the study period, although the result was 
not statistically significant. Mozas et al. [13] studied 727 grade 
1–3A FL cases reported between 1980 and 2017, and found 
that grade 1–2 disease showed a decreasing trend over time, 
while high-risk FLIPI showed an increasing trend in recent years. 
These findings can be attributed to the increasing life expectancy 

and increase in the number of patients that present with advanced 
FL status at initial diagnosis, as a majority of the patients are 
asymptomatic. 

We also note that most patients with FL have stage III/IV dis-
ease, a low-risk FLIPI score, and grade 1–2 FL, and the findings 
are comparable to those in the Unites States, showing predomi-
nance of stage III/IV, low-risk FLIPI score, and grade 1–2, with 
similar results to our data [29,31]. Cho et al. [5] retrospectively 
analyzed clinical characteristics and pathologic features of BCL2 
expression in 343 FL patients in Korea during1993–2013, and 
demonstrated that predominancy of stage III/IV, low-risk FLIPI 
score, and grade 1–2 FL, suggesting that there was no signifi-
cant difference between Korean and Western populations. 

In this study, BCL2 or BCL6 immunopositivity significantly 
increased over the study period. We investigated whether the ex-
pression of BCL2 or BCL6 was associated with histologic grade; 
however, those unexpected findings were not associated with 
changes in the proportion of histologic grade (Supplementary Ta-
ble S1). Although several studies have shown that the expression 
of BCL2 was less common in high-grade FL, the relationship 
between expression of BCL2 or BCL6 and histologic grade was 
not definitive in most prior studies [32-35]. 

The proportion of FL cases with Ki-67 PI ≥ 30% and diffuse 
pattern significantly increased between 2008–2012 and 2013–
2017, and was significantly correlated with histologic grade 
(Supplementary Table S1). Most prior studies have shown that 
higher Ki-PI or diffuse pattern in FL generally correlates with 
higher grade or poor prognosis, although several FL cases with 
low grade and high Ki-PI have been described [2,22,23,36]. In 
this study, Ki-PI was estimated manually and might have pro-
duced intra- and interobserver variability. However, recent studies 
using software–automated quantification of Ki-67 PI in FL have 
shown that high Ki-67 PI was associated with grade 3 FL or 
poor prognosis [19,21]. 

There were some limitations to this study. The low incidence 
of FL in our institutional series might have led to overestimation 
of the proportion of clinicopathologic features and inadequate 
statistical significance in the changes over the study period. FL 
has an indolent prognosis with a favorable outcome, and the 
number of events (e.g., death) per group was insufficient in the 
current study, in which large numbers of individuals were cen-
sored in the survival analysis. Thus, multicenter studies should 
be performed to precisely address the trends of FL in Korea. Our 
study was not a population-based study and lacks representa-
tiveness. However, we found an increase in the age-adjusted in-
cidence rate of FL using data from a large tertiary institution, 

Table 2. Trends in clinicopathologic characteristics of FL: average 
annual percentage change

Characteristic AAPC (95% CI) p-value

Age > 60 yr naa

Hb < 12 g/dL 1.0 (–0.91 to 12.2) .833
Elevated LDH –6.5 (–20.9 to 10.5) .378
> 4 nodal areas involved 6.6 (–5.5 to 20.2) .254
Ann Arbor stage

Stage I/II –6.2 (–12.6 to 0.7) .070
Stage III/IV 5.0 (0.4 to 9.7) .035

Bone marrow involvement 3.5 (–5.9 to 13.8) .455
FLIPI

Low –5.3 (–10.8 to 0.6) .071
Intermediate naa

High 6.6 (–12.4 to 29.7) .486
Histologic grade

1–2 –0.9 (–5.3 to 3.7) .661
3A –4.7 (–16.3 to 8.6) .424
3B naa

Histologic pattern
Follicular 2.0 (–0.3 to 4.3) .120
Follicular and diffuse naa

Diffuse naa

BCL2-positive 2.6 (0.7 to 4.6) .022
BCL6-positive 3.0 (0.4 to 5.7) .028
CD10-positive 1.0 (–3.0 to 5.2) .666
Ki-67 PI ≥ 30% 5.4 (–5.4 to 17.3) .309
Treatment

Watch-and-wait naa

Rituximab-based 2.1 (–4.7 to 9.4) .550
Radiation monotherapy naa

Transformation to DLBCL naa

FL, follicular lymphoma; AAPC, average annual percent change; CI, confi-
dence interval; Hb, hemoglobin; LDH, lactate dehydrogenase; FLIPI, Follic-
ular Lymphoma International Prognostic Index; Ki-67 PI, Ki-67 proliferation 
index; DLBCL, diffuse large B-cell lymphoma.
aNot applicable due to zero case counts for some years.
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which is an accepted approach that can be adopted to allow bet-
ter comparison [37,38]. In addition, the increasing incidence of 
FL and the ratio of FL to NHL observed in our data were similar 
to the trends observed in the National Health Information 
Database [27]. 

In conclusion, our study demonstrated an increase in the in-
cidence rates of FL at a large tertiary institution in South Korea 
over the last 10 years, and we found recent changes in the clinico-
pathologic features of FL, an aspect that rarely has been studied. 
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