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Abstract
Background  There is little evidence to support or negate the benefits of statin therapy for primary prevention of cardiovas-
cular disease (CVD) in lymphoma patients aged 80 years or older.
Objective  We evaluated comprehensive geriatric assessment (CGA) scores and previously reported risk factors for failure 
of statin therapy discontinuation in lymphoma patients aged 80 years and older with the aim of identifying those in whom 
discontinuation of statins for primary CVD prevention is indicated.
Patients and methods  Our study cohort comprised 50 patients aged 80 years and older treated with chemotherapy for 
lymphoma at our institute from January 2011 to July 2020. We retrospectively analyzed the associations between CGA, 
including Geriatric 8, instrumental activities of daily living, and Charlson comorbidity index, and previously reported fac-
tors associated with failure of statin therapy discontinuation, defined as reintroduction of statins after their discontinuation, 
in this patient cohort.
Results  Twenty years or less of statin therapy was an independent predictor of failure of statin therapy discontinuation 
(hazard ratio 8.240, 95% confidence interval 1.380–49.10). There were significant differences in the rate of failure of statin 
discontinuation between patients receiving statins for ≥ 20 years versus < 20 years (p = 0.010). Multivariate analysis of 
CGA-related scores identified no significant risk factors for failure of statin discontinuation.
Conclusions  Discontinuation of statin therapy may be indicated in lymphoma patients aged 80 years and older who have 
used statins for 20 years or more.

Key Points 

Overall duration of statin use of 20 years or less was 
an independent predictor of the likelihood of failure of 
statin therapy discontinuation in 50 lymphoma patients 
aged 80 years and older who had achieved continuous 
chemotherapy-induced complete remission for at least 1 
year.
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1  Introduction

Statins are used to reduce the risk of cardiovascular dis-
ease (CVD) [1]. However, limitations in the evidence sup-
porting statin use have been highlighted for older peo-
ple without diabetes mellitus [2], especially those aged 
80 years or older [3]. In particular, there is conflicting 
evidence for the benefit of initiating statins for primary 
prevention, and little evidence in patients who are frail 
or have multiple co-morbidities [4]. Contemporary guid-
ance advocates an individualized approach to statin use 
and discontinuation among older people [5]. It has been 
found that neither using statins [6] nor discontinuing them 
[7] is associated with improved survival in patients with 
lymphoma; however, few data are available on interactions 
between statins and chemotherapy drugs for lymphoma in 
patients aged 80 years or older. Statin therapy should be 
rationalized at the time of lymphoma diagnosis, especially 
in patients aged 80 years and older receiving chemother-
apy, because statin therapy may unnecessarily add to the 
therapeutic burden [7].

Comprehensive geriatric assessment (CGA) has been 
used to help identify older patients with lymphoma for 
whom standard chemotherapy is indicated [8]. Indeed, an 
expert panel of the American Society of Clinical Oncol-
ogy suggested that clinicians should consider undertaking 
a CGA of older patients for whom chemotherapy is being 
considered [9]. However, there are few reports on CGA 
for lymphoma patients aged 80 years and older who are 
receiving attenuated doses of chemotherapy [10–12].

To fill this evidence gap in the management of older 
patients with lymphoma in real-world practice, we con-
ducted a retrospective investigation at our institution. The 
aim of this study was to investigate CGA and previously 
reported factors associated with failure of statin therapy 
discontinuation, defined as the need for reintroduction 
of statins, to identify lymphoma patients aged 80 years 
and older for whom discontinuation of statins for primary 
CVD prevention is indicated.

2 � Patients and Methods

2.1 � Patient Selection

The inclusion criteria of this study were as follows: (1) 
newly diagnosed and histologically proven de novo lym-
phoma, including Hodgkin lymphoma, follicular lym-
phoma, diffuse large B-cell lymphoma, and peripheral 
T-cell lymphoma according to the World Health Organiza-
tion classification [13]; (2) continuous complete remission 

after chemotherapy for at least 1 year; (3) receiving a statin 
for primary prevention of CVD before diagnosis of lym-
phoma; (4) aged 80 years or older at the time of lymphoma 
diagnosis; and (5) discontinued statins following a shared 
decision-making process that took polypharmacy, frailty, 
and the potential adverse effects of chemotherapy into 
consideration between January 2010 and July 2020 at the 
Kyushu University Beppu Hospital. The exclusion crite-
ria were as follows: (1) history of dementia (because of 
the difficulty in evaluating CGA); (2) history of CVD and 
diabetes mellitus; and (3) the treating physician’s opinion 
that the patient had sufficient risk of active CVD to require 
ongoing therapy with statin medications or had other con-
traindications to discontinuing statin therapy.

The examined variables were as follows: age at diagnosis, 
sex, Eastern Cooperative Oncology Group (ECOG) perfor-
mance status, CGA including Geriatric 8 (G8) [14], instru-
mental activities of daily living (IADL) [15], and Charlson 
comorbidity index (CCI) [16]. Assessments of disease sta-
tus included physical examination, computed tomography 
(CT) findings, and bone marrow analysis. Tumor responses 
were evaluated on positron emission tomography (PET)-CT 
images in accordance with the Revised Response Criteria 
for Malignant Lymphoma [17]. CT of the neck, thorax, 
abdomen, and pelvis and PET-CT were performed every 3 
months for up to 24 months or until initiation of alternative 
chemotherapy, whichever came first. CT and PET-CT were 
performed by experienced radiologists at our institute.

The enrolled patients were followed every 1–3 months 
until death or the end of the study period. Risk factors for 
CVD and serum cholesterol concentrations were evaluated 
in all patients at least every 3 months. This retrospective 
observational study used data from an electronic database at 
our institution according to the opt-out method of our hos-
pital website. The study was performed in accordance with 
institutional guidelines and the principles of the Declaration 
of Helsinki. The protocol was approved by our institutional 
review board.

2.2 � End Points

The primary end point of this study was the identification of 
lymphoma patients aged 80 years and older in whom statin 
therapy could safely be discontinued by investigating CGA 
and risk factors known to be associated with failure of statin 
discontinuation. Discontinuation was defined as discontinu-
ing statins. Failure of discontinuation was defined as reintro-
duction of statins in accordance with the established guide-
lines [18] after statin discontinuation. Secondary end points 
addressed two safety concerns: survival and time to first 
cardiovascular-related event, defined as a new cardiovascu-
lar event or an invasive cardiovascular procedure requiring 
hospital or emergency department admission.
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2.3 � Statistical Methods

We analyzed the frequencies and descriptive statistics of 
relevant patient variables and statin medication history 
in our study cohort. Continuous variables are expressed 
as mean and standard deviation, whereas intergroup dif-
ferences in categorical variables are expressed as num-
bers and percentages. Patients who had not relapsed, 
progressed, or died were censored at the date of the last 
follow-up. Ninety-five percent confidence intervals (CIs) 
for all probabilities and P-values of pairwise comparisons 
were derived from pointwise estimates and calculated 
using standard techniques. To accommodate competing 
risks, cumulative incidence curves for failure of statin 
discontinuation for the two groups (duration of statin use 
≥ 20 years vs. < 20 years) were estimated and the dif-
ferences between them were compared using Gray’s test. 
Competing risk events denoting failure of statin discontin-
uation were death and first cardiovascular-related event, 
defined as a new cardiovascular event or an invasive car-
diovascular procedure requiring hospital or emergency 
department admission. For each group, logistic regression 
was employed to evaluate the effects of patient- and statin 
therapy-related variables (age < 85 years vs. ≥ 85 years; 
sex male vs. female; ECOG performance status 0 vs. 1; 
G8, ≥ 13 vs. <13; IADL ≥ 4 vs. < 4; CCI ≥ 4 vs. < 4; 
lymphoma-treatment-free time ≥ 2 vs. < 2 years; number 
of co-morbidities ≤ 5 vs. > 5; duration of statin use ≥ 20 
years vs. < 20 years; and number of medications ≤ 5 vs. > 
5 at the time of failure of statin discontinuation. Multivar-
iate adjustment was performed using patient- and statin 
therapy-related variables potentially associated with fail-
ure of statin discontinuation. Covariates significant at p < 
0.10 in the univariate analysis were included in the multi-
variate analysis. All tests were two-sided, 95% CIs were 
calculated, and p < 0.05 was considered to denote statisti-
cal significance. CGA (G8, IADL, and CCI) was assessed 
at the time of statin discontinuation using questionnaires 
supported by nurses as well as the optimal cutoff values 
for G8, IADL, and CCI, which were determined based 
on the accuracy of these variables as markers of survival 
according to receiver operating characteristic curves, as 
previously reported [19]. Analyses were conducted using 
Stata Version 14 (Stata Corporation, College Station, TX, 
USA), EZR (Saitama Medical Center, Saitama, Japan; 
http://​www.​jichi.​ac.​jp/​saita​ma-​sct/​Saita​maHP.​files/​statm​
edEN.​html) [20], which is a graphical user interface for R 
(R Foundation for Statistical Computing, version 2.13.0; 
http://​www.r-​proje​ct.​org), and a modified version of R 
commander (version 1.6-3) designed to add statistical 
functions.

3 � Results

3.1 � Patients’ Characteristics

Overall, 50 patients with lymphoma met the inclusion 
criteria. Their baseline characteristics are presented in 
Table 1. The mean age was 82.8 years, and 12 (24%) were 
aged ≥ 85 years. G8 scores were < 13 in 20/50 (40%) 
patients, IADL < 4 in 36/50 (72%), and CCI s > 3 in 
16/50 (32%). Thirty-two patients (64%) had hypertension 
and were taking one or more antihypertensive medication. 
Twenty-six of the 50 patients (52%) had been taking statin 
therapy for 20 years or more. The overall rate of failure of 
statin discontinuation was 28%. None of the study patients 
developed active CVD. All patients had received mRNA 
coronavirus disease 2019 vaccines (BNT162b2, Pfizer/
BioNTech) when they had achieved continuous complete 
remission after chemotherapy for at least 1 year.

3.2 � Multivariate Analysis

The baseline variables identified by univariate and mul-
tivariate analyses of factors potentially influencing the 
failure of statin discontinuation are presented in Table 2. 
Independent predictors of statin discontinuation failure 
were statin therapy administered for 20 years or more and 
≤ 154 mg/dL LDL cholesterol before statin therapy (haz-
ard ratio 8.240, 95% CI 1.380–49.10, p = 0.020 and hazard 
ratio 0.159, 95% CI 0.032–0.774, p = 0.022, respectively). 
There were significant differences in the rate of failure 
of statin discontinuation between patients who had taken 
statins for ≥ 20 years and < 20 years (p = 0.010; Fig. 1). 
Multivariate analysis comparing CGA status, including 
G8, IADL, and CCI, failed to identify any significant pre-
dictors of the rate of failure of statin discontinuation in our 
cohort of patients with lymphoma aged 80 years and older.

4 � Discussion

We compared CGA and the duration of statin therapy for 
primary prevention of CVD in lymphoma patients aged 
80 years or older who had received chemotherapy and 
discontinued statin therapy based on risk assessment to 
minimize polypharmacy. Our main finding was that statin 
therapy received for ≥ 20 years at the time of discontinu-
ation of statin therapy predicted a low failure rate of statin 
discontinuation 1 year after discontinuation. This finding 
may be useful for investigating risk reduction associated 

http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html
http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html
http://www.r-project.org
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with minimizing polypharmacy in lymphoma patients aged 
80 years or older who have achieved complete remission.

We cannot simply compare data between prospective 
and retrospective studies. However, our results indicate that 
discontinuing statin therapy in lymphoma patients aged 80 
years or older achieves a good compromise between disease 
control and toxicities and is thus a manageable means of 
reducing polypharmacy in such patients [21]. Conversely, 
there was no difference in the rate of failure of statin discon-
tinuation between patients aged ≤ 85 years and those aged 
> 85 years. Multivariate analysis comparing CGA failed to 
identify any significant risk factors for the rate of failure of 
statin discontinuation in patients aged 80 years and older. 
However, the number of patients with CCI scores > 3 tended 
to be higher than that of patients with CCI scores ≤ 3. If 
further study reveals that this difference is significant, it may 

be attributable to the fact that nearly all patients with CCI 
> 3 were being treated for hypertension and many had only 
discontinued statin therapy for a short time.

All patients who had discontinued statin therapy were 
checked at our institute during the first year after statin dis-
continuation to ensure their safety. Although some issues 
such as the cost of treatment remain to be resolved, care-
ful and intensive management, including hospitalization, 
likely facilitates the achievement of acceptable outcomes in 
extremely old patients. We suggest that discontinuing statin 
therapy with careful follow-up, especially during the first 
year after discontinuation, should be considered for patients 
aged 80 years or older who (i) do not have active CVD; or 
(ii) are not at sufficient risk of active CVD to warrant ongo-
ing therapy with statins; and (iii) have no other contraindica-
tions to discontinuing statin therapy. These considerations 

Table 1   Characteristics of study 
patients

CCI Charlson co-morbidity index, DLBCL diffuse large B-cell lymphoma, ECOG PS Eastern Cooperative 
Oncology Group performance status, FL follicular lymphoma, G8 Geriatric 8, HL Hodgkin lymphoma, 
IADL instrumental activities of daily living, LDL low density lipoprotein, PTCL peripheral T-cell lym-
phoma, SD standard deviation

Characteristic n = 50

Age (mean ± SD), years 82.8 ± 2.2
 ≥ 85 years old, n (%) 12 (24)

Sex, n (%)
 Male 24 (48)
 Female 26 (52)

ECOG PS, n (%)
 0 26 (52)
 1 24 (48)

G8 (mean ± SD) 12.6 ± 1.6
G8 < 13, n (%) 20 (40)
IADL (mean ± SD) 4.6 ± 1.3
IADL < 4, n (%) 36 (72)
CCI (mean ± SD) 3.3 ± 0.56
CCI > 3, n (%) 16 (32)
Diagnosis
 HL 4 (8)
 FL 18 (36)
 DLBCL 22 (44)
 PTCL 6 (12)

Treatment-free time for lymphoma (mean ± SD), years 4.3 ± 3.0
 < 2 years, n (%) 18 (36)

No. of diseases (mean ± SD) 5.5 ± 2.1
 > 5, n (%) 18 (36)

LDL cholesterol before statin therapy (mean ± SD), mg/dL 154 ± 13.1
LDL cholesterol before discontinuing statin (mean ± SD), mg/dL 100 ± 8.6
Statin use (mean ± SD), years 17.5 ± 4.3
 < 20 years, n (%), mean ± SD 26 (52), 13.9 ± 2.6
 ≥ 20 years, n (%), mean ± SD 24 (48), 21.5 ± 1.3

No. of medications (mean ± SD) 7.0 ± 3.1
 > 5, n (%) 22 (44)
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are important because discontinuing statins has been associ-
ated with an increased risk of active CVD [22, 23].

In this study, we found that taking statin therapy for 20 
years or more was an independent predictor of successful 
discontinuation of statins. Checking the duration of statin 
therapy may guide decision-making regarding its discontinu-
ation. Discontinuing statin therapy on this basis has potential 
economic implications in that it would only deliver curative-
intent treatment to patients who are likely to benefit from 
statin medications; namely, those who are at sufficient risk 
of active CVD to justify ongoing statin therapy. CGA is rou-
tinely performed in inpatients as a reference [19] but not in 
outpatients. We excluded patients with a history of demen-
tia, which could have skewed our evaluation of CGA. Our 
data may help patients better understand treatment-related 
risks and make informed decisions when deciding whether 
to continue statin therapy.

This cohort study had some other limitations, including 
its small sample size and single-institute nature. Objective 
data, such as laboratory values, and CGA data, includ-
ing G8, IADL, and CCI, are reliable. However, subjective 
data such as non-hematological toxicity may have been 
underestimated because this information was dependent on 
medical records written by physicians before the study was 
planned. To maximize patient safety, we excluded patients 
with diabetes mellitus (DM) because randomized con-
trolled trials have shown that statin treatment is beneficial 
in patients with DM [24]. To minimize bias due to disease 
progression, we included only patients who had achieved 
complete remission of their lymphomas after initial chem-
otherapy at a single institution and who had remained in 
continuous complete remission for at least 1 year after 
chemotherapy. We need to outline the explicit conditions 
to underestimate any correlations with side effects and 

Table 2   Univariate and 
multivariate analyses of baseline 
variables potentially influencing 
failure of discontinuation of 
statins in lymphoma patients 
aged 80 years and older

CCI Charlson comorbidity index, CI confidence interval, G8 Geriatric 8, HR hazard ratio, IADL instrumen-
tal activities of daily living, LDL low density lipoprotein, TFT treatment-free time for lymphoma
† Univariate or multivariate competing event statistics analyzed by the logistic regression model were 
applied for discontinuation of statins

Variable Univariate Multivariate

HR 95% CI p HR 95% CI p

Age < 85 years old 1.000 Reference
 ≥ 85 years old 2.550 0.305–21.20 0.388

Sex Male 1.000 Reference
 Female 1.290 0.177–9.380 0.802

ECOG PS 0 1.000 Reference
 1 0.069 0.001–3.040 0.167

G8 ≥ 13 1.000 Reference
 < 13 5.430 0.621–47.60 0.167

IADL ≥ 4 1.000 Reference
 < 4 3.460 0.308–38.80 0.315

CCI ≤ 3 1.000 Reference 1.000 Reference
 > 3 8.310 0.688–100.00 0.095 2.360 0.422–13.20 0.327

TFT ≥ 2 years 1.000 Reference
 < 2 years 0.404 0.060–2.720 0.351

No. of diseases ≤ 5 1.000 Reference
 > 5 0.479 0.058–3.950 0.494

LDL cholesterol before 
statin therapy ≤ 154 
mg/dL

1.000 Reference 1.000 Reference

 > 154 mg/dL 0.192 0.047–0.773 0.020 0.159 0.032–0.774 0.022
LDL cholesterol before 

discontinuing statin ≤ 
100 mg/dL

1.000 Reference

 > 100 mg/dL 0.939 0.234–3.780 0.930
Statin use ≥ 20 years 1.000 Reference 1.000 Reference
 < 20 years 15.30 1.620–144.00 0.017 8.240 1.380–49.10 0.020

No. of medications ≤ 5 1.000 Reference
 > 5 3.580 0.157–81.50 0.424
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drug interactions in this study affected by selection bias. 
We selected this subgroup because discontinuing statin 
therapy in patients with a low life expectancy is rela-
tively safe and may be associated with benefits, includ-
ing improved quality of life, the use of fewer non-statin 
medications, and a corresponding reduction in medica-
tion costs, as previously reported [21]. Another potential 
limitation is that the time of diagnosis of disease progres-
sion depended on the time of performing PET-CT. Fur-
thermore, less intensive treatment than is used in younger 
patients, such as R-miniCHOP [19], may have contributed 
to poorer treatment outcomes in our study cohort. Finally, 
selection bias, especially that related to the exclusion of 
patients with a history of dementia, and the short dura-
tion of follow-up may have skewed our analysis of patient 
outcomes after their initial chemotherapy.

5 � Conclusion

Discontinuation of statin therapy may be indicated in lym-
phoma patients aged 80 years and older who have taken 
statins for 20 years or more. Further approaches to identify 
lymphoma patients aged 80 years or older who are main-
taining activities of daily living after chemotherapy and in 
whom discontinuation of statins will likely be successful 
are needed.
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