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   Purpose
We evaluated health-related quality of life (HRQOL) in long-term survivors of indolent and
aggressive non-Hodgkin lymphoma (NHL).

Materials and Methods
The HRQOL was assessed by the European Organization for Research and Treatment of Can-
cer Quality-of-Life Questionnaire Core 30 (EORTC QLQ-C30) at diagnosis in NHL patients 
between 2008 and 2011, and follow-up evaluation was conducted from June 2014 to Feb-
ruary 2015 using EORTC QLQ-C30 and the quality of life in cancer survivors (QOL-CS) ques-
tionnaire. We used linear mixed models to compare changes in HRQOL between indolent
and aggressive NHL over time.   

Results
The HRQOL of long-term survivors with aggressive NHL improved to the similar level of 
indolent NHL during the follow-up survey. However, survivors of NHL were found to fear the
probability of relapse and second malignancy, and the degree of fear was not different 
between survivors with aggressive stage I/II or III/IV NHL (p > 0.05). Furthermore, a half of
survivors reported impaired sense of psychosocial well-being regardless of aggressiveness
and stage during follow-up survey. More than 65% of survivors thought they did not receive
sufficient support from others, and patients who had financial difficulties at diagnosis were
more frequently associated with suffering from insufficient support. Impaired physical and
cognitive functioning at diagnosis was significantly associated with lack of life purpose in
long-term survivors.

Conclusion
The HRQOL of aggressive NHL survivors improved to a similar level to that of indolent NHL.
However, the majority of survivors still had fear of relapse, and psychosocial well-being 
remained unmet needs.  
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Introduction

Non-Hodgkin lymphoma (NHL) is a group of lymphoid
malignant disorders accounting for the most common hema-
tologic malignancies in Western and Asian countries. These
disorders are clinically classified into aggressive and indolent

NHL according to clinical course and outcome [1,2]. As a
whole, the survival outcomes of NHL patients have 
improved due to advances in treatment, including novel tar-
geted drugs [3-5]. For example, the treatment outcome of 
patients with diffuse large B-cell lymphoma (DLBCL) has 
improved since introduction of rituximab, a monoclonal 
antibody targeting the CD20 antigen [6]. Nevertheless, 



patients tend to be seriously concerned about their disease
once diagnosed with NHL, regardless of whether the aggres-
sive or indolent form. After completing treatment, patients
also commonly experience physical and psychological 
adverse events due to treatment-related toxicities. Problems
such as functional impairment, fatigue, post-traumatic stress,
and financial difficulties tend to be long term and impair the
health-related quality of life (HRQOL) of NHL survivors 
[7-10]. Because the number of long-term survivors of NHL is
continuously increasing, there is an increasing need for sur-
vivorship care among NHL survivors with impaired HRQOL
[9,11]. Indeed, patients receiving treatments such as chemo-
therapy were reported to have impaired physical functioning
and deteriorated psychological well-being in a previous
study evaluating the HRQOL of lymphoma [12,13]. The 
ultimate goal of survivorship care is basically restoring the
physical and psychological status of long-term cancer sur-
vivors to their previous healthy pre-diagnosis state. There-
fore, changes in HRQOL from diagnosis to after treatment
should be considered for appropriate management of long-
term survivors. However, there are limited data comparing
HRQOL between NHL diagnosis and survivorship [9,14,15].

In addition, while aggressive NHL survivors are expected to
have poor HRQOL due to various physical and psychologi-
cal problems during treatment, previous studies did not
compare HRQOL between aggressive and indolent NHL
survivors. Thus, this study compares HRQOL at diagnosis
to that of long-term follow-up among survivors of aggressive
and indolent NHL. Furthermore, the specific psychological,
social, and spiritual well-being of NHL survivors with high
unmet needs was assessed. 

Materials and Methods

1. Study participants

This is an add-on study of the Samsung Medical Center
Lymphoma Cohort Study (SMC-LCS, NCT00822731) con-
ducted from June 2014 to February 2015 at Samsung Medical
Center, Seoul, Korea. The SMC-LCS recruited patients diag-
nosed with Hodgkin and NHL from September 2008 to 
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Fig. 1. Consort diagram. QoL, quality of life; HRQOL, health-related quality of life; NHL, non-Hodgkin lymphoma.

Non-Hodgkin lymphoma patients (n=883)

Survivors eligible for add-on study (n=583)

Participants in the add-on study (n=479)

Analysis of long-term survivors (n=370)

Comparison of HRQOL
  Pre-treatment at diagnosis
  Post-treatment during survivorship

Comparison of HRQOL and distress
  Aggressive NHL (n=273)
  Indolent NHL (n=97)

Prospective cohort study (NCT#00822731)
  Patients with non-Hodgkin or Hodgkin lymphoma (n=953)
  Enrollment between September 2008-December 2011

No baseline QoL data (n=30)
Withdrawal (n=1)
Death (n=269)

Unable to contact (n=74)
Refusal to participate (n=30)

No reply to the questionnaires (n=109)
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December 2011 with the aim of developing a prediction
model for progression and outcomes of patients with lym-
phoma. The SMC-LCS evaluated all risk factors including 
diagnostic information, treatment information, and pre-treat-
ment HRQOL at diagnosis. For this add-on study, trained
oncology nurses contacted all living SMC-LCS participants
who were at least 3 years since diagnosis either by phone or
when patients visited the hematology-oncology clinic.
Nurses explained the study to participants. Inclusion criteria
were patients who were diagnosed with NHL, had baseline
HRQOL assessment, and were capable of answering HRQOL
questionnaires at the time of the survey. Once patients who
were contacted by phone decided to participate in the study,
informed consent and survey questionnaires were sent to 
patients with a return envelope. At out-patient clinics, oncol-
ogy nurses obtained informed consent, and patients were
asked to answer the survey questionnaire before they left the
clinic. There were 883 NHL patients enrolled in the SMC-
LCS. Among them, one patient withdrew informed consent
before the baseline assessment, 30 patients did not undergo
baseline HRQOL assessment, and 269 patients died before
the add-on study. Among 583 eligible participants, we were
unable to contact 74 patients, and 30 patients refused to par-
ticipate in the study. Among 479 survivors who agreed to
participate in the study, 109 (22.7%) did not return the survey
questionnaire. The final study sample comprised 370 NHL
survivors (Fig. 1). 

2. Measurements

The long-term HRQOL of study participants was evalu-
ated using a validated Korean version of the European 
Organization for Research and Treatment of Cancer Quality-
of-Life Questionnaire Core 30 (EORTC QLQ-C30), the ques-
tionnaire used for the original SMC-LCS to assess the quality
of life (QoL) of study participants at diagnosis [16]. The
EORTC QLQ-C30 is composed of five multi-item functional
scales that evaluate physical, role, emotional, cognitive, and
social function and one global health status/QoL scale. Three
symptom scales measure fatigue, pain, and nausea/vomit-
ing, and six single items assess other symptoms (dyspnea,
insomnia, appetite loss, constipation, and diarrhea) and 
financial difficulties. We scored the EORTC QLQ-C30 items
according to a scoring manual, and the data was linearly
transformed to yield scores from 0 to 100 [17]. Higher scores
indicate a better status in functioning domains but a worse
status in symptom domains. The threshold for impaired
function and symptoms that negatively affect HRQOL were
66 and 33, respectively [18]. As EORTC QLQ-C30 does not
address some important issues of survivorship, such as fear
of recurrence and social support, the quality of life in cancer
survivors (QOL-CS) questionnaire was included in the study.

The QOL-CS includes 41 items representing four domains
(physical, social, psychological, and spiritual well-being) of
cancer survivor-specific quality of life [19]. The sum of scores
in each domain was used as an outcome, and higher scores
indicated a better HRQOL. 

After we obtained permission from Dr. Ferrell, who origi-
nally developed the measurement, we validated the Korean
version of QOL-CS as previously reported [20]. Thus, trans-
lation, back-translation, content validity, and pilot tests were
performed before the study. Pilot tests with 20 adult sur-
vivors of lymphoma showed that Korean survivors were not
familiar with the 11-point Likert scale (0 to 10). This scale was
one of the main reasons survivors had difficulties answering
the questionnaire, so we decided to use a 4-point Likert scale
from 1 (not at all) to 4 (very much), in agreement with the
original developer (S1 Fig.). With our study participants, the
Korean version of QOL-CS was reliable in reporting Cron-
bach’s  for overall CS 0.89 and 0.73 to 0.82 for subdomains
[20]. Socio-demographic information including marital sta-
tus, education, employment, and health behaviors were 
obtained from survey. Clinical information including age,
gender, stage at diagnosis, body mass index, and comorbidi-
ties was collected from the electronic medical record.

3. Statistical analysis 

Subject characteristics and scores of EORTC QLQ-C30 and
QOL-CS were summarized using mean±standard deviation
for continuous variables and number (%) for categorical vari-
ables. Characteristics of each patients group were compared
using ANOVA for continuous variables and chi-square tests
for categorical variables. For EORCT QLQ-C30, beside 
reporting transformed score (from 0 to 100), the mean differ-
ence of each functioning and symptoms scores from the
threshold (66 for functioning and 33 for symptoms) were cal-
culated and presented to present how much worse or better
functioning and symptoms NHL survivors experience at dif-
ferent survivorship phase. In addition, to compare changes
in quality of life over time, we used linear mixed models. We
also tested the homogeneity of slope changes between at 
diagnosis and during survivorship, and the models were 
adjusted for age, Eastern Cooperative Oncology Group
(ECOG) status and sex. We conducted multivariable linear
regression to evaluate the association of three domains of
HRQOL in NHL survivors with age at diagnosis (continu-
ous), sex (male or female), disease type (aggressive and 
indolence), and length of survival (continuous). p-values of
< 0.05 were considered significant, and two-sided tests were
used in all calculations. Statistical analyses were performed
using STATA ver. 13.0 statistical software (StataCorp LP,
College Station, TX) and IBM PASW ver. 18.0 package (SPSS
Inc., Chicago, IL). 
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4. Ethical statement

This study was approved by the Institutional Review
Board of Samsung Medical Center, Seoul, Korea and all 
patients provided written informed consent prior to study
participation (No. 2013-03-051).

Results

1. Patients 

The median age of patients was 51 years (range, 18 to 82
years), and 44.5% were female. The majority was married
(n=302, 81.6%), and 51.6% of patients were working at the
time of survey. Median time from diagnosis to follow-up sur-

vey was 4.0 years (range, 1.7 to 17.4 years). In patients with
aggressive NHL (n=273), the proportion of DLBCL (n=186)
was much higher than that of peripheral T-cell lymphoma
(n=14). Marginal zone lymphoma (n=67) and follicular lym-
phoma (n=27) accounted for the majority of indolent NHL
(n=97). Among cases of aggressive NHL, 42.9% were stage
III/IV (n=117), and 57.1% were stage I/II (n=156). None of
the socio-demographic characteristics were different 
between aggressive and indolent NHL (Table 1). ECOG per-
formance status was worse in patients with stage III/IV 
aggressive NHL than in patients with stage I/II aggressive
NHL or indolent NHL. Primary treatment for aggressive
NHL was mainly systemic chemotherapy, while 30.9% of 
patients with indolent NHL received radiation therapy
(Table 1). At the time of analysis, 12.4% of patients relapsed
after their primary treatment, and relapse was more frequent
in stage III/IV aggressive NHL (Table 1).  
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Total Aggressive NHL Aggressive NHL Indolent 
Characteristic (n=370) Stage III/IV Stage I/II NHL p-value

(n=117) (n=156) (n=97)
Female sex, mean±SD (yr) 164 (44.3) 45 (38.5) 67 (42.9) 52 (53.6) 0.08
Age at diagnosis (yr) 51 (18-82) 50 (20-82) 53 (18-81) 51 (18-82) 0.64
Marital status (married) 302 (81.6) 97 (82.9) 125 (80.1) 80 (82.5) 0.80
Education ( college) 178 (48.1) 51 (43.6) 78 (50.0) 49 (50.5) 0.21
Monthly family income ( $4,000) 147 (39.7) 41 (35.0) 63 (40.4) 43 (44.3) 0.42
Current working status 191 (51.6) 55 (47.4) 83 (53.9) 53 (54.6) 0.42
(employed or self-employed)

Smoking status 
Never 225 (60.8) 72 (61.5) 89 (57.1) 63 (64.9) 0.13
Past 122 (33.0) 43 (36.8) 53 (34.0) 27 (27.8)
Current 21 (5.7) 2 (1.7) 12 (7.7) 7 (7.2)

Drinking status 
Never 166 (44.7) 45 (38.5) 69 (44.2) 52 (53.6) 0.03
Past 66 (17.8) 30 (25.6) 28 (17.9) 8 (8.3)
Current 137 (37.0) 41 (35.0) 59 (37.8) 37 (38.1)

Previous cancer (yes) 19 (5.1) 9 (7.7) 6 (3.9) 4 (4.1) 0.32
Co-morbidity at diagnosis (yes) 228 (61.6) 75 (64.1) 97 (62.2) 56 (57.7) 0.62
ECOG ( 2) at diagnosis 30 (8.1) 21 (18.0) 8 (5.1) 1 (1.0) < 0.01
Time since diagnosis, median (range, yr) 4.0 (1.7-17.4) 3.9 (1.7-17.4) 4.1 (1.7-6.0) 4.2 (1.8-5.8) 0.64
Treatment history 

Chemotherapy (yes) 318 (85.9) 117 (100) 155 (99.4) 46 (47.4) < 0.01
Radiation therapy (yes) 84 (22.7) 10 (8.6) 44 (28.2) 30 (30.9) < 0.01
Surgery (yes) 43 (11.6) 9 (7.7) 26 (16.7) 8 (8.3) 0.22
Autologous stem cell transplantation (yes) 37 (10.0) 28 (23.9) 9 (5.8) 0 ( < 0.01

Relapse after primary treatment 46 (12.4) 22 (18.8) 13 (8.3) 11 (11.3) 0.03

Table 1. Sociodemographic and medical characteristics of subjects

Values are presented as numbers (%) unless otherwise indicated. NHL, non-Hodgkin lymphoma; SD, standard deviation;
ECOG, Eastern Cooperative Oncology Group.
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Fig. 2.  (A) Comparison of health-related quality of life at diagnosis and during follow-up in aggressive or indolent non-
Hodgkin lymphoma (NHL). (Continued to the next page)
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Fig. 2.  (Continued from the previous page) (B) Comparison of symptoms at diagnosis and during follow-up in aggressive or 
indolent NHL.  (Continued to the next page)
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2. HRQOL at diagnosis and during survivorship

A comparison of HRQOL at diagnosis shows that patients
with stage III/IV aggressive NHL had significantly worse
general health status, physical functioning, and role function-
ing than patients with stage I/II aggressive or indolent NHL
(p < 0.001) (Fig. 2A, S2 Table). However, the follow-up sur-
vey showed no difference in HRQOL among NHL survivors
regardless of aggressiveness or stage (Fig. 2A, S2 Table).
Thus, the follow-up survey showed improvement of EORTC
QLQ-C30 symptom scores compared to that of diagnosis
scores in survivors of both aggressive and indolent NHL
(Fig. 2B, S2 Table). Although survivors of aggressive NHL,
especially stage III/IV disease, experienced more serious 
fatigue, pain, dyspnea, insomnia, and appetite loss than sur-
vivors with indolent NHL at the time of diagnosis, they 
reported improved symptoms at the follow-up survey and
their symptom scores improved up to those of indolent NHL.
As a result, symptom scores of long-term survivors with
NHL were similar for aggressive and indolent NHL at the
time of the follow-up survey (Fig. 2B, S2 Table).

3. Distress and fear of survivors  

The QOL-CS survey showed that more than 60% of 
patients experienced distress when they were diagnosed
with NHL for the first time, and the degree of distress was
not significantly different among patients with aggressive or
indolent NHL (p=0.98) (Fig. 3). Thus, diagnosis of NHL itself
is a significantly stressful event to lymphoma patients 
regardless of whether the diagnosis is aggressive or indolent
NHL. However, patients with aggressive NHL showed more
distress about NHL treatment than patients with indolent
NHL. This result suggests that patients with aggressive NHL
were more concerned about their treatment (Fig. 3). Con-
versely, survey results on fear of the probability of disease
relapse, metastasis, and second malignancy showed no sig-
nificant differences among patients with aggressive or indo-
lent NHL (p > 0.05) (Fig. 3). Thus, survivors of NHL were
suffering from their fear of relapse and second malignancy,
and the degree of fear was not different between survivors
with aggressive stage I/II or III/IV NHL (Fig. 3).   

4. Psychosocial, social, and spiritual well-being of sur-
vivors  

Accordingly, 40%-50% of survivors were not happy or sat-
isfied with their life. Among negative answers to question-
naires about psychosocial well-being, more than 60% of
survivors were not satisfied with their present ability to con-
centrate or remember things (Table 2). This impaired sense
of psychosocial well-being was found at the time of the fol-
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Fig. 2. (Continued from the previous page)
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low-up survey in survivors with aggressive NHL of stage
I/II or III/IV, as well as survivors with indolent NHL (Table 2).
In an assessment of social well-being, less than 10% of sur-
vivors reported that their continuing health care interfered
with their personal relationships. This result did not differ
among aggressive and indolent NHL (Table 2). Activities 
including employment, home activities, and sexuality were
impaired in less than 15%-20% of survivors. However, more
than 65% of survivors thought they did not receive sufficient
support from others, and more than 15% survivors had 
financial burdens incurred as a result of NHL (Table 2). A
higher number of survivors with stage III/IV aggressive
NHL (12.8%) reported isolation, although this was not sta-
tistically significant (p=0.08) (Table 2). Answers to questions
about spiritual well-being were similar among survivors
with aggressive or indolent NHL. In particular, 40% of sur-
vivors did not feel hopeful and reported a lack of life purpose
(Table 2). Regardless of stage or aggressiveness, a substantial
number of NHL survivors had problems with psychosocial,
social, and spiritual well-being, especially, impaired concen-
tration and memory, insufficient support, and lack of life
purpose.   

5. Associations between HRQOL at diagnosis and psycho-
logical, social, and spiritual well-being during survivor-
ship

We analyzed factors influencing psychosocial, social, and
spiritual well-being of long-term survivors under the hypo-
thesis that HRQOL at diagnosis might be associated with 

impaired well-being during survivorship. Thus, the baseline
characteristics and HRQOL data at diagnosis were compared
with respect to the aforementioned three main problems of
well-being: impaired concentration and memory, insufficient
support, and lack of life purpose (Table 3). Demographic and
clinical characteristics at diagnosis, including age, perform-
ance status, aggressive NHL, treatment, and co-morbidities,
were not significantly associated with the above-mentioned
problems (Table 3). Instead, patients with financial difficul-
ties (odds ratio [OR], 1.11; 95% confidence interval [CI], 1.02
to 1.20) at diagnosis were more frequently associated with
suffering from insufficient support. Patients with a poor gen-
eral health status and impaired HRQOL at diagnosis were
found to have impaired ability to concentrate and impaired
memory, and this result was significantly significant (OR,
0.85; 95% CI, 0.77 to 0.93) (Table 3). Impaired functioning
such as physical, role, and cognitive functioning was signif-
icantly associated with problems of concentration and mem-
ory. Impaired HRQOL, including function at diagnosis, was
also significantly associated with lack of life purpose in long-
term survivors (OR, 0.89; 95% CI, 0.81 to 0.98) (Table 3).
Long-term survivors with more symptoms represented by
higher symptom scores showed a higher incidence of prob-
lems in concentration and memory as well as a lack of life
purpose (Table 3). When we re-analyzed using domain 
instead single item as outcome variables, the trend was sim-
ilar as Table 3 (S3 Table).

Cancer Res Treat. 2018;50(4):1051-1063

Fig. 3.  Distress and fear in aggressive or indolent non-Hodgkin lymphoma.
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Discussion

This study evaluated the HRQOL of long-term survivors
during survivorship. The study population included patients
diagnosed with aggressive or indolent NHL. Because
HRQOL at diagnosis was evaluated when patients were reg-
istered in the prospective cohort study, the HRQOL of long-
term survivors during survivorship was compared with that
of patients at diagnosis. The comparison of HRQOL at diag-
nosis showed that patients with stage III/IV aggressive NHL
had significantly worse HRQOL than those with stage I/II
aggressive or indolent NHL (Fig. 2A). However, this differ-

ence was lost in long-term survivors because the EORTC
QLQ-C30 symptom scores became similar between aggres-
sive and indolent NHL at the time of the follow-up survey
(Fig. 2B). This result implies that patients with aggressive
NHL, even stage III/IV, can recover without prolonged 
deterioration of HRQOL. This result is consistent with a pre-
vious study reporting similar HRQOL between survivors of
indolent and aggressive NHL [21]. Additionally, we found
that NHL survivors reported a much lower HRQOL than
that of the general population. A cross sectional study, which
used the EORTC QLQ-C30 to measure the HRQOL of in the
general population, demonstrated that the physical, role,
emotional, cognitive, and social function scores of the general

Cancer Res Treat. 2018;50(4):1051-1063

OR (95% CI)
Problem with Insufficient Lack of 

concentration/memory support life purpose
Female sex 1.39 (0.90-2.17) 0.83 (0.57-1.32) 0.79 (0.52-1.21)
Age at diagnosis (> 50 yr) 1.36 (0.64-2.85) 1.22 (0.58-2.55) 1.59 (0.76-3.27)
History of cancer (yes) 1.47 (0.50-4.28) 0.59 (0.22-1.57) 2.01 (0.76-5.29)
Relapse (yes) 1.70 (0.93-3.51) 1.24 (0.62-2.48) 1.58 (0.83-2.99)
Type of diagnosis (aggressive type) 1.22 (0.74-2.00) 0.75 (0.46-1.24) 0.88 (0.54-1.42)
History of treatment

Chemotherapy (yes) 2.33 (0.99-5.45) 1.67 (0.70-3.96) 1.81 (0.79-4.11)
Radiation therapy (yes) 0.83 (0.49-1.39) 0.60 (0.36-1.01) 0.63 (0.37-1.06)

Baseline ECOG ( 2) 2.24 (0.88-5.70) 0.91 (0.41-2.03) 1.82 (0.83-3.92)
Length of survival at second survey (yr) 1.03 (0.84-1.27) 1.18 (0.97-1.44) 0.84 (0.68-1.03)
Co-morbidity 1.42 (0.90-2.23) 1.36 (0.86-2.14) 1.54 (0.98-2.40)
General health status/QoL 0.85 (0.77-0.93)a) 0.91 (0.83-1.00) 0.89 (0.81-0.98)a)

Functioning
Physical functioning 0.73 (0.62-0.85)a) 0.94 (0.82-1.07) 0.81 (0.72-0.92)a)

Role functioning 0.85 (0.78-0.93)a) 0.96 (0.89-1.04) 0.92 (0.85-0.99)a)

Emotional functioning 0.88 (0.80-0.97)a) 0.98 (0.90-1.08) 0.96 (0.88-1.05)
Cognitive functioning 0.75 (0.66-0.86)a) 0.94 (0.84-1.06) 0.89 (0.79-0.99)a)

Social functioning 0.90 (0.83-0.98)a) 1.00 (0.93-1.08) 0.96 (0.89-1.03)
Symptoms

Fatigue 1.23 (1.12-1.36)a) 1.02 (0.93-1.11) 1.08 (1.00-1.18)a)

Nausea and vomiting 1.21 (1.04-1.41)a) 0.99 (0.88-1.14) 1.05 (0.92-1.20)
Pain 1.09 (0.99-1.19) 1.00 (0.93-1.09) 1.04 (0.96-1.12)
Dyspnea 1.12 (1.02-1.23)a) 1.04 (0.96-1.14) 1.04 (0.96-1.12)
Insomnia 1.11 (1.03-1.20)a) 0.99 (0.92-1.07) 1.08 (1.01-1.16)a)

Appetite loss 1.08 (1.00-1.16)a) 0.99 (0.93-1.07) 1.09 (1.02-1.17)a)

Constipation 1.02 (0.94-1.11) 1.00 (0.92-1.09) 1.02 (0.94-1.10)
Diarrhea 1.15 (1.03-1.30)a) 1.06 (0.96-1.17) 1.05 (0.96-1.15)
Financial difficulties 1.14 (1.05-1.24)a) 1.11 (1.02-1.20)a) 1.05 (0.98-1.13)

Table 3. Associations between pre-treatment QoL and long-term psychosocial problems in survivors of NHL 

OR and 95% CI for % of problems defined by “not at all” and “a little” were calculated using logistic regression adjusted for
age at diagnosis (continuous), sex (male or female), disease type (aggressive and indolence), and length of survival (contin-
uous). QoL, quality of life; NHL, non-Hodgkin lymphoma; OR, odds ratio; CI, confidence interval; ECOG, Eastern Cooper-
ative Oncology Group. a)Parameters that are significantly associated with psychosocial problems. 
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population were on average 85.1, 88.0, 83.4, 86.5, and 92.5,
respectively [10] which were much higher than the scores of
the indolent NHL survivors we measured. In our study, we
found that functioning and symptoms at diagnosis were sig-
nificantly associated with long-term HRQOL both in aggres-
sive and indolent NHL survivors. Given that HRQOL at
diagnosis could be one of prognostic predictors in NHL 
patients [22], the assessment of HRQOL at the time of diag-
nosis as well as the appropriate management based on the
follow-up assessment of HRQOL during survivorship may
be necessary in both aggressive and indolent NHL patients
[23]. 

The majority of long-term survivors in this study reported
fear of relapse or second malignancy as their most distressing
problem, regardless of NHL aggressiveness or stage. Indo-
lent NHL survivors experienced the same level of fear of 
relapse or second malignancy as stage III/IV aggressive
NHL survivors. These results are consistent with a previous
review of cancer survivors reporting that fear of relapse
could be the primary concern of cancer survivors regardless
of cancer type, stage at diagnosis, disease progression, or
length of survivorship [24]. Thus, cancer survivors constantly
live anxiously about their recurrence potential, especially
when they have any symptoms such as fatigue, new pains,
and feeling of weakness [25,26]. Therefore, adequate educa-
tion about the probability of relapse and second malignancy
is required. Indeed, a previous Dutch population-based
study has shown more information about the disease and
post-treatment care might improve stress in patients with
lymphoma [27]. For effective education for patients as well
as survivors, adequate doctor-patient relationship is impor-
tant because it is at the crux of cancer care. The National Can-
cer Institute stated that patient-centered care should be based
on mutual trust, respect, and commitment, and care could be
facilitated by communication [28]. Nevertheless, physicians
still focus on detecting relapses through regular imaging
rather than managing HRQOL-associated problems in clini-
cal practice. Indeed, many survivors adhere to surveillance
testing, and feel reassured when they get negative results.
Physicians can also be reassured by negative test results and
be more confident in reassuring the patients. However, lym-
phoma is a basically curable disorder by chemotherapy and
the majority of relapses occur within 2 years after the com-
pletion of treatment. Thus, the probability of relapse in long-
term survivors of lymphoma is low and surveillance imaging
was reported to lack clinical utility in lymphoma patients
[29,30]. Actually, routine imaging such as surveillance com-
puted tomography scans could be a source of anxiety and
fear of relapse in lymphoma survivors without improving
post-treatment survival [31,32]. Therefore, proper monitor-
ing and symptom management needs to be embedded in the
routine practice of long-term survivor care because psycho-

logical interventions such as Mindfulness Based Stress 
Reduction, Mindfulness Based Cognitive Therapy, and 
Acceptance and Commitment Therapy might be helpful to
reduce fears of relapse [33,34]. 

This study also assessed the psychosocial, social, and spir-
itual well-being of long-term survivors during survivorship.
Three main problems were identified, including impaired
memory and ability to concentrate, insufficient support, and
lack of life purpose (Table 2). Thus, regardless of aggressive-
ness and stage, a substantial number of long-term NHL sur-
vivors seemed to suffer from those problems. Impaired
memory and ability to concentrate and lack of life purpose
were significantly associated with HRQOL at diagnosis. 
Patients with poor HRQOL might suffer more from impaired
psychosocial and spiritual well-being although their HRQOL
and symptoms improve during survivorship. These findings
suggest that patients with poor HRQOL at diagnosis should
be more appropriately managed to improve their psychoso-
cial and spiritual well-being. In an assessment of social well-
being, more than 65% of survivors thought they did not
receive sufficient support from others, and more than 15% of
survivors incurred financial burdens as a result of NHL
(Table 2). This is consistent with a previous study reporting
that cancer patients continuously need supportive care [35].
Psychosocial care for cancer survivors after completing med-
ical treatment has been suggested because cancer survivors
are vulnerable to feeling a loss of safety [36]. In our study,
patients with financial difficulties at diagnosis more fre-
quently reported that they had a lack of sufficient supportive
care (Table 3). Thus, intervention for patients with financial
problems should be considered to improve social well-being
during survivorship. 

However, this study has several limitations. First, we only
analyzed subjects who participated to the survey in this
study. However, 22.7% of subjects did not return the survey
questionnaire among 479 survivors who agreed to partici-
pate in the study although this response rate was similar to
that of other studies [9]. This means this study might be 
influenced by selection bias because it would be possible that
subjects with good HRQOL might more respond than sub-
jects with impaired HRQOL and psychosocial problems.
Thus, HRQOL of the NHL survivors in our study would be
better than those in actual survivors. Second, the results of
our study were absolutely based on self-reported outcomes
of subjects. Thus, the results might be influenced by individ-
ual sensitivity. However, we used the validated and stan-
dardized instruments to assess study outcomes to overcome
the limitation of self-reported outcome-based study. Third,
when we evaluated the association of pre-treatment HRQOL
with long-term psychosocial problems, we only adjusted for
age, sex, and diagnosis due to relatively small sample size.
Thus, further study with larger study population should be
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done to identify the risk factors for long-term survivors of
NHL. 

In conclusion, long-term survivors of NHL reported 
improved HRQOL during survivorship. Thus, the HRQOL
of survivors of aggressive NHL improved to a similar level
to that of survivors of indolent NHL. However, most of the
long-term NHL survivors still live with fear of relapse, 
insufficient social support, and lack a purpose in life. Thus,
adequate education and guidance for long-term survivors
are warranted and recommended during survivorship. 
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