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Abstract
Although the current standard of care for diffuse large B-cell lymphoma (DLBCL) is six cycles of rituximab/cyclophospha-
mide/doxorubicin/vincristine/prednisolone combination chemotherapy (R-CHOP), a larger than expected number of patients 
cannot complete planned six cycles for various reasons in the real world. We aimed to evaluate the prognosis of patients with 
DLBCL after incomplete treatment by analyzing the chemotherapy response and survival according to the cause of discon-
tinuation and the number of cycles. We analyzed a retrospective cohort of patients diagnosed with DLBCL who underwent 
incomplete cycles of R-CHOP at Seoul National University Hospital and Boramae Medical Center from January 2010 to April 
2019. A total of 1183 patients were diagnosed with DLBCL, of which 260 (22%) did not complete six cycles of R-CHOP. 
The most common cause of discontinuation of chemotherapy was life-threatening infection, and the most common pathogen 
was Pneumocystis jirovecii. Overall survival (OS) and progression-free survival (PFS) were significantly better in patients 
who achieved complete response (CR) or partial response (PR) at the first response evaluation. Patients underwent three or 
more cycles of chemotherapy had a longer OS than those who did not. In patients with limited-stage disease, consolidative 
radiotherapy showed a significant improvement in OS and PFS. Advanced stage, high comorbidity score, and poor primary 
response to chemotherapy were poor prognostic factors in patients with unplanned treatment shortening. This study provides 
real-world outcomes for patients who could not complete the planned six cycles of R-CHOP.

Keywords Diffuse large B-cell lymphoma · R-CHOP · Incomplete treatment · Prognosis · Chemotherapy

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon type of non-Hodgkin lymphoma (NHL), accounting for 
approximately 30% of NHL cases [1-3]. Although DLBCL 

has an aggressive disease course and poor prognosis, its 
clinical outcome and prognosis have improved since the era 
of rituximab therapy [1, 4]. Over the past 10 years, six cycles 
of rituximab, cyclophosphamide, doxorubicin, vincristine, 
and prednisolone combination chemotherapy (R-CHOP), 
administered every 3 weeks, have been the current standard-
of-care for previously untreated patients with DLBCL [5, 6].

As life expectancy increases, the number of elderly 
patients with DLBCL and the median age at diagnosis of 
DLBCL also increases. One-third of patients with DLBCL 
are older than 75 years of age [3]. Even in elderly patients 
with DLBCL, it is recommended to fully complete six cycles 
of R-CHOP to obtain favorable outcomes despite high treat-
ment-related mortality and intolerance to R-CHOP [7-9]. 
However, as the patients’ comorbidity increased, a group of 
patients could not maintain R-CHOP with high intensity. In 
order to improve clinical outcomes and complete six cycles 
of chemotherapy in this group of patients, several attempts 
have been made, including the prophylactic administration 
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of granulocyte colony-stimulating factor (G-CSF), change 
to modified regimen such as “R-mini-CHOP” in which the 
dose of cytotoxic agents is reduced, and application of the 
other novel agents [8-11]. Unfortunately, such standardized 
or reliable methods were not satisfactory for the patients 
who could not complete all six cycles of R-CHOP. Although 
considerable numbers of patients belong to this group in 
the real world, research on their clinical outcomes is scarce.

To address this knowledge gap, we analyzed the clinical 
characteristics and outcomes of patients who could not com-
plete the planned six cycles of R-CHOP. In particular, we 
focused on the group of patients who had a durable survival, 
despite a shorter treatment cycle than planned. In addition, 
prognostic factors and leading causes of chemotherapy dis-
continuation were analyzed.

Materials and methods

Study population

Patients with histopathological confirmed DLBCL from Jan-
uary 2010 to April 2019 at Seoul National University Hospi-
tal (SNUH) and Seoul National University Boramae Medi-
cal Center (SNU-BMC) were identified, and their medical 
records were retrospectively reviewed. Patients who did not 
complete all six cycles of R-CHOP or R-mini-CHOP were 
included in this study. Patients who completed six cycles of 
R-CHOP or R-mini-CHOP were excluded from the main 
analysis and used as a control group for analyzing the treat-
ment efficacy and relative risk of clinical outcomes. Patients 
who died within 21 days after the start of the first cycle were 
excluded to focus on those with a durable clinical outcome 
without the completion of six cycles of R-CHOP. Patients 
confirmed with disease progression during R-CHOP, clas-
sified as having primary resistance to R-CHOP, were also 
excluded from this analysis. All data, including patients’ 
demographics, laboratory, radiological, and histopathologi-
cal findings, were obtained from electronic medical records. 
The Institutional Review Board of SNU-BMC approved this 
study, considering this study to be a retrospective, non-inva-
sive study in patients (IRB No. 10–2020-290).

Treatment and assessment

All patients received at least one cycle of R-CHOP or 
R-mini-CHOP, which was well known as R-CHOP-21. 
R-CHOP regimen consisted of an intravenous dose of rituxi-
mab 375 mg/m2 on day 1, cyclophosphamide 750 mg/m2 on 
day 1, doxorubicin 50 mg/m2 on day 1, vincristine 1.4 mg/
m2 on day 1, and oral prednisolone 100 mg daily on days 
1–5. R-mini-CHOP was a modified version of R-CHOP, 
with an intravenous dose of rituximab 375 mg/m2 on day 1, 

cyclophosphamide 400 mg/m2 on day 1, doxorubicin 25 mg/
m2 on day 1, vincristine 1 mg fixed dose on day 1, and pred-
nisolone 40 mg/m2 on days 1–5. The first tumor response 
was assessed after two or three cycles using the Lugano 
response criteria evaluated by 18F-fluorodeoxyglucose-
positron emission tomography/computed tomography scan 
(PET/CT). Only those with follow-up CT among patients 
who did not undergo follow-up PET/CT were evaluated 
using the CT-based Lugano criteria.

Statistical analysis

Overall survival (OS) was defined as the time from the 
start of R-CHOP to any cause of death. Progression-free 
survival (PFS) was defined as the time from the initiation 
of R-CHOP chemotherapy to disease progression or death. 
Statistical analysis was performed using the SPSS software 
for Windows, ver. 25.0 (SPSS Inc., Chicago, IL, USA) and R 
version 4.1.0. Data were described as mean ± standard devia-
tion, median (range), or number (proportion) as appropri-
ate. Survival analysis was estimated using the Kaplan–Meier 
method. Differences in survival between subgroups were 
compared using the log-rank test. P value of less than 0.05 
was considered statistically significant.

Results

Patient characteristics

In total, 1183 patients were diagnosed with DLBCL at 
SNUH and SNU-BMC during the study period, of which 
923 patients (78.0%) completed six cycles of R-CHOP or 
R-mini-CHOP chemotherapy. Two hundred sixty patients 
(22.0%) could not complete the planned six cycles of chemo-
therapy. Based on the exclusion criteria, 165 patients were 
finally included in this analysis (Fig. 1). The baseline char-
acteristics are summarized in Table 1. The median age was 
70.8 years. 56.9% of the patients were male, and 52.1% of 
the patients were in Ann Arbor stage I or II. Most patients 
had an Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) of 0 or 1 at diagnosis, and more than 
half of patients were low or low-intermediate risk group as 
per the international prognostic index (IPI). About 78.2% of 
patients had a Charlson comorbidity index (CCI) ≥ 2. Com-
pared with patients who completed six cycles of R-CHOP, 
patients with an inevitable discontinuation of chemotherapy 
tended to be older, have higher IPI scores, and have higher 
CCI (Supplementary table 1).

Most patients received R-CHOP, and 23.0% of patients 
received R-mini-CHOP; the chemotherapy regimen was 
decided by the treating physician according to the patients’ 
age and performance status. Among 136 patients who were 
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evaluated for disease status after chemotherapy, 83.8% were 
evaluated using PET/CT. Only 22 patients were evaluated 
using CT, and most of which were patients using CT for the 
unplanned assessment.

Efficacy of incomplete R‑CHOP or R‑mini‑CHOP 
chemotherapy

The median follow-up duration was 24.5 months. The 5-year 
OS in this population was 48.6% (95% confidence interval 
(CI), 41.4–57.1), which was lower than 5-year OS of 81.4% 
(95% CI, 78.9–83.9) in patients completed six cycles of 
chemotherapy (Supplementary figure 1 (A)(B)). Even when 
propensity score matching was performed by controlling for 
demographic variables, including age, sex, ECOG PS, stage, 
and comorbidities (Supplementary table 2), the clinical out-
come of patients who could not complete 6 cycles of R-CHOP 
was lower than that of patients who have completed chemo-
therapy (Supplementary figure 1 (C)(D)). Interestingly, this 
tendency was maintained even when only patients with lim-
ited-stage DLBCL were analyzed separately (Supplementary 
figure 2 (A)(B)). However, patients who met FLYER inclu-
sion criteria for 16.4% of the total (194 patients) showed good 
clinical outcomes regardless of the number of the chemother-
apy cycle (Supplementary figure 2 (C)(D)).

The response distribution according to the number of 
chemotherapy cycles is shown in Table  2. The median 
number of chemotherapy cycles was three, and the over-
all response rate was 80.6%. Comparing survival accord-
ing to the best response, patients who achieved complete 
response (CR) or partial response (PR) after R-CHOP had 
significantly better OS (5-year OS rate, 56.9% vs. 14.1%, 
P < 0.001) and PFS (P < 0.001) than those who did not 
(Fig. 2). Even when the groups were analyzed according 

to the response evaluation tools, patients who achieved CR 
had significantly better OS in both PET/CT and CT groups 
(Supplementary figures 3 and 4). Patients who had under-
gone three or more cycles of chemotherapy showed superior 
survival compared to those who had not (5-year OS rate, 
58.5% vs. 24.2%, P < 0.001) (Fig. 3). In addition, patients 
who received R-CHOP showed better OS and PFS than those 
who received R-mini-CHOP (Supplementary figure 5).

Patients who were diagnosed with 

DLBCL from January 2010 to April 2019

(N = 1,183)

Completed 6 cycles of R-CHOP or R-

miniCHOP (N = 923)

Patients who received incomplete cycles 

of R-CHOP or R-miniCHOP (N = 260)

Excluded

• Disease progression (N = 57)

• Other cancer combined (N = 5)

• Death within 21 days after first cycle of R-

CHOP (N = 33)

Analyzed with 

Patients who received incomplete cycles 

of R-CHOP or R-miniCHOP (N = 165)

Fig. 1  Retrospective cohort design and study flow chart

Table 1  Baseline characteristics

Characteristics N = 165

Age 70.8 (17.68–93.27)
Sex

  Male 94 (56.9%)
Pathology

  GCB-type 26 (15.8%)
  Non-GCB-type 85 (51.5%)
  Unknown 54 (32.7%)

Ann Arbor stage
  I 45 (27.3%)
  II 41 (24.8%)
  III 15 (9.1%)
  IV 64 (38.8%)

Extranodal site involvement
  0–1 122 (73.9%)
  2 or more 43 (26.1%)

BM involvement 24 (14.5%)
B symptoms 37 (22.4%)
LDH

  Normal 75 (45.5%)
  Elevated 90 (54.5%)

ECOG PS
  0–1 115 (69.7%)
  2 or more 50 (30.3%)

IPI score
  Low [0–1] 67 (40.6%)
  Low-intermediate [2] 22 (13.3%)
  High-intermediate [3] 25 (15.2%)
  High [4-5] 51 (30.9%)

R-IPI score
  Very good [0] 24 (14.5%)
  Good [1-2] 65 (39.4%)
  Poor [3-5] 76 (46.1%)

Charlson comorbidity index
  0 21 (12.7%)
  1 15 (9.1%)
  2 28 (17.0%)
  ≥ 3 101 (61.2%)

Regimen
  R-CHOP 127 (77.0%)
  R-mini-CHOP 38 (23.0%)
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Cause of interruption of chemotherapy

The factors that caused the patients to discontinue chemo-
therapy are summarized in Table 3. In the excluded patients 
who died within 21 days after the beginning of the first 
chemotherapy cycle, the cause of death was similar to the 
cause of interrupting chemotherapy in the study patients, 

such as life-threatening infections. However, half of those 
excluded patients died of multi-organ failure due to high 
tumor burden (Supplementary table 3). In 78.2% of the 
analyzed cases, the treating physician decided to stop the 
planned chemotherapy. The cause of discontinuation by 
the treating physician was a life-threatening infection in 
51 patients and failure to maintain the ECOG PS after 

Table 2  Response rate 
according to chemotherapy 
cycle

#1 #2 #3 #4 #5 Total

CR 3 7 23 29 33 95
PR 2 7 14 9 6 38
SD 0 2 0 1 0 3
Not evaluated 10 16 3 0 0 29
Total 15 32 40 39 39 165

Fig. 2  Overall survival (OS) and progression-free survival (PFS) according to the best response of R-CHOP chemotherapy

Fig. 3  Overall survival (OS) and progression-free survival (PFS) depending on the median number of cycle of chemotherapy
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chemotherapy in 48 patients. Twenty-one patients underwent 
the local treatment after early termination of chemotherapy 
without other reasons for discontinuation of chemotherapy, 
such as life-threatening infections. The most common life-
threatening infection was Pneumocystis jirovecii pneumo-
nia (PCP), followed by imipenem-resistant Acinetobacter 
baumannii, methicillin-sensitive Staphylococcus aureus, 
Klebsiella, Pneumococcus, and Actinomycosis. In addi-
tion, R-CHOP was terminated prematurely due to systemic 
bacteremia (three cases of Escherichia coli bacteremia, two 
cases of vancomycin-resistant Enterococcus bacteremia, 
and methicillin-resistant Staphylococcus aureus (MRSA) 
bacteremia) and intra-abdominal infection. The median 
age of patients who experienced life-threatening infections 
was 76.5 years, which was higher than that of the study 
population. In the first cycle of R-CHOP or R-mini-CHOP, 
more than half of the patients (59.3%) received prophylac-
tic G-CSF. However, except for nine patients who received 

prophylactic sulfamethoxazole/trimethoprim (TMP-SMX) 
from the first cycle, other prophylaxis, such as acyclovir or 
ciprofloxacin, was not used.

In addition to infection, 15 patients experienced adverse 
events. Prolonged neutropenia occurred in seven cases, 
rituximab hypersensitivity in three cases, pulmonary toxic-
ity confirmed by pulmonary function test in three cases, and 
renal toxicity in two cases. As for cases of worsening PS due 
to reasons unrelated to chemotherapy, cognitive impairment 
due to aging, stroke, intestinal perforation, hip fracture, toxic 
hepatitis due to herbal medicines, sudden gastrointestinal 
bleeding, cardiac arrest, and liver failure due to underlying 
liver cirrhosis were identified.

Thirty-six patients refused further cycles of chemo-
therapy by themselves, and half of them complained of 
decreased physical strength after chemotherapy. Four 
patients requested treatment termination as post-treatment 
care was difficult due to a lack of caregivers after chemo-
therapy. One patient complained of extreme fear and anxi-
ety after one cycle of chemotherapy and was referred to the 
department of neuropsychiatry. The other 13 patients were 
lost to follow-up without any recorded adverse events.

Among the patients whose treating physician decided to 
terminate chemotherapy, 65.1% were evaluated as CR at the 
first response evaluation and 20.9% as PR at the first response 
evaluation. Thus, the physicians tend to decide whether to 
discontinue chemotherapy after the first response evaluation. 
Contrarily, among patients who initiated early termination 
of chemotherapy, 13 patients (36.1%) did not evaluate the 
response after chemotherapy, and in most cases, follow-
up was voluntarily lost without discussion with their doc-
tors, and those with a very short median OS (4.87 months, 
95% CI, 2.03-NA). There were no significant differences 
in OS and PFS when survival was analyzed according to 
whether the decision to discontinue chemotherapy was made 
by the physician or patient (Supplementary figure 6). The 
median age of the 129 patients for whom the treating physi-
cian decided to stop chemotherapy was 72.8 years. Among 
them, 108 patients, excluding 21 patients who planned local 
treatment, had a median age of 74.23 years, higher than the 
median age of patients who refused further cycles of chemo-
therapy by themselves (66.15 years, P = 0.005).

Relative risk factors for OS and PFS in unplanned 
shortening treatment

The result of univariate and multivariate analyses for OS 
are described in Table 4. As expected, factors such as old 
age, advanced stage, poor ECOG performance status, and 
increased serum lactate dehydrogenase (LDH) levels that 
made up the IPI risk score were identified as poor prog-
nostic factors for OS. The use of prophylactic G-CSF did 
not improve OS. Rather, in univariate analysis, prophylactic 

Table 3  Cause of off-chemotherapy

Cause

1) Physician’s decision 129 (78.2%)
  Life-threatening infection 51

      Pneumocystis jirovecii pneumonia 23
      Other bacterial pneumonia 9
       Pneumonia, unknown pathogen 10
       Disseminated candidiasis 1
       Bacteremia 7
       Intra-abdominal infection (Enterobacter) 1
  Patient intolerance for chemotherapy 48
       Poor performance status after chemotherapy 33
       Prolonged neutropenia 7
       Rituximab hypersensitivity 3
       Pulmonary toxicity 3
       Renal toxicity 2
  Poor performance status unrelated with chemo-

therapy
9

       Cognitive impairment 1
       Colon perforation 1
       Stroke 2
       Femur neck fracture 1
       Toxic hepatitis by herbal medication 1
       GI bleeding 1
       Sudden cardiac arrest 1
       Liver failure due to underlying liver cirrhosis 1
  Local treatment for limited disease 21

2) Patient refuse to chemotherapy 36 (24.2%)
  Poor performance status after chemotherapy 18
  No care-giver 4
  Anxiety to chemotherapy 1
  Follow-up loss without any adverse event 13
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Table 4  Analysis of prognostic 
factor for OS with Cox 
regression

P value < 0.05, statistically significant

Factor Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age  < 0.001  < 0.001
  < 60 1 1
  ≥ 60 4.42 (3.34–5.86) 3.04 (2.19–4.23)

Sex 0.100
  Male 1
  Female 0.83 (0.66–1.04)

Stage
  I 1 1
  II 1.00 (0.64–1.56) 0.999 0.99 (0.63–1.57) 0.958
  III 2.04 (1.30–3.20) 0.002 1.26 (0.78–2.05) 0.343
  IV 4.14 (2.84–6.03)  < 0.001 1.99 (1.28–3.08) 0.002

Pathology
  Non-GCB 1 1
  GCB 0.59 (0.43–0.82) 0.002 0.66 (0.47–0.93) 0.015
  Unknown 2.05 (1.52–2.77)  < 0.001 1.01 (0.71–1.43) 0.971

ECOG PS  < 0.001 0.010
  0–1 1 1
  ≥ 2 6.15 (4.75–7.97) 1.58 (1.12–2.24)

Charlson comorbidity index
  0 1 1
  1 1.42 (1.06–1.91) 0.019 1.08 (0.80–1.46) 0.618
  2 1.83 (1.18–2.83) 0.007 1.22 (0.71–2.12) 0.472
  ≥ 3 6.50 (4.88–8.66)  < 0.001 2.06 (1.06–4.01) 0.034

LDH  < 0.001  < 0.001
  Normal 1 1
  High 3.48 (2.83–4.78) 2.17 (1.62–2.91)

Extranodal site involvement  < 0.001 0.088
  0–1 1 1
  2 or more 3.22 (2.54–4.08) 1.28 (0.96–1.71)

B symptom  < 0.001 0.388
  No 1 1
  Yes 3.79 (2.78–5.18) 0.83 (0.55–1.26)

Regimen  < 0.001 0.342
  R-CHOP 1 1
  R-mini-CHOP 3.96 (2.91–5.38) 1.20 (0.82–1.74)

Prophylactic G-CSF  < 0.001 0.449
  No 1 1
  Yes 2.18 (1.73–2.75) 0.90 (0.69–1.18)

Best response
  CR 1 1
  PR 4.63 (3.50–6.12)  < 0.001 2.61 (1.92–3.54)  < 0.001
  SD 18.48 (7.58–45.10)  < 0.001 1.64 (0.52–5.13) 0.397
  Non-evaluable 16.10 (10.59–24.49)  < 0.001 3.84 (1.69–8.74) 0.001

Total cycle
  1 or 2 1 1
  3 ~ 5 0.26 (0.17–0.41)  < 0.001 0.78 (0.37–1.65) 0.516
  6 0.12 (0.08–0.17)  < 0.001 0.80 (0.33–1.97) 0.629
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G-CSF use was identified as a poor prognostic factor for OS. 
However, in multivariate analysis, there was no significant 
relationship with the OS because there was a tendency to 
use prophylactic G-GCF in the case of old age. In terms of 
treatment strategy, lower dose intensity, such as an R-mini-
CHOP regimen or fewer cycles of chemotherapy, were con-
firmed as poor relative risk factors; however, in multivariate 
analysis, their effect was not significant. On the other hand, 
the achievement of CR status for chemotherapy was an inde-
pendent good prognostic factor that significantly improved 
OS in multivariate analysis. The same trend was maintained 
in the univariate and multivariate analysis of PFS in patients 
with DLBCL who had experienced unplanned shortening of 
chemotherapy (Supplementary table 4).

Applying other modalities

Twenty-eight patients underwent radiotherapy after the 
early termination of chemotherapy, and all had stage I or II 
DLBCL (Supplementary table 5). Seven additional patients 
also received radiotherapy for consolidation treatment after 
the decision to discontinue chemotherapy; chemotherapy 
was stopped for other reasons such as infection or poor per-
formance status. When subgroup analysis of stage I or II 
patients was performed, most patients who underwent radio-
therapy received more than three cycles of chemotherapy, 
and most patients had already achieved CR before radio-
therapy. When the survival of each group was compared 
with and without radiotherapy, the patients who received 
radiotherapy showed significantly better clinical outcomes 
in OS and PFS than those who did not (Fig. 4).

Twenty-six patients who underwent surgery apart from 
chemotherapy were identified; in all patients, surgery was 

performed for diagnostic purposes or before the histological 
diagnosis. Among them, 14 patients underwent R0 resec-
tion, and there were eight patients with gastrointestinal tract 
DLBCL, four patients with head and neck involvements, one 
patient with neck node involvement, and one patient with 
lung nodule (Supplementary table 6).

Discussion

Although R-CHOP is the standard of care for patients with 
treatment-naïve DLBCL, in real-world practice, it is not pos-
sible to administer six cycles of R-CHOP to patients with 
high comorbidity or old age. Various efforts such as prophy-
lactic administration of G-CSF or dose modification have 
been made to improve survival outcomes and complete six 
cycles of R-CHOP in this group of patients [8-10]. However, 
no standardized method has been established yet. Although 
the phase III FLYER trial, which compared six cycles of 
R-CHOP with four cycles of R-CHOP followed by two addi-
tional rituximab monotherapies, was published [12], this 
study targeted young-age, low relapse-risk patients. Even in 
elderly DLBCL patients, it is still recommended to complete 
six cycles of R-CHOP to obtain favorable outcomes [13]. To 
bridge the gap between real-world practice and the recom-
mended guideline, our study was conducted for prognostic 
analysis that can provide advice to physicians in the clinical 
setting.

From January 2010 to April 2019, 1183 patients were 
diagnosed with DLBCL, of whom, 260 patients (22.0%) 
were treated with incomplete cycles of R-CHOP. Disease 
progression was confirmed in 57 patients (4.8%) in the first 
response evaluation, and 33 patients (2.8%) died within 

Fig. 4  Overall survival (OS) and progression-free survival (PFS) depending on the consolidation radiotherapy in patients with stage I or II 
DLBCL
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21 days after the beginning of the first cycle of R-CHOP 
(Fig. 1). This proportion was observed at a rate similar to 
that of the large population-based study of the Swedish 
group [14]. In these cases, treatment could not be continued 
regardless of doctor-patient discussions about treatment dis-
continuation during chemotherapy. Therefore, these patients 
were not suitable for evaluating the natural course of patients 
who had a durable survival outcome after early termination 
of R-CHOP, which was the main purpose of this study, and 
were excluded from the final analysis.

The failure to complete high-intensity chemotherapy was 
due to host factor. In a large population-based cohort study 
of a Swedish group, advanced age and poor performance sta-
tus strongly predicted failure to complete planned treatment 
for reasons other than non-response [14]. Our study also 
confirmed the same trend when the entire cohort was ana-
lyzed. The median age of patients who discontinued treat-
ment was 70.78 years, and showed a high comorbidity score 
with a CCI of 2 or more and a high IPI score compared to 
the patients who completed treatment. However, in the mul-
tivariate analysis of OS and PFS, patients who had already 
achieved CR as an interim response during R-CHOP had 
a relatively good prognosis compared with those who did 
not, and the chemotherapy intensity, including the number 
of cycles and dose reduction, was not an independent fac-
tor affecting prognosis. Therefore, it would be important to 
establish a treatment strategy tailored to individual patients 
through an understanding of the specific causes of early 
discontinuation of chemotherapy and insight into a patient 
group with a relatively good prognosis.

As a single factor, the cause of early termination in most 
patients was a life-threatening infection. The most common 
pathogen was Pneumocystis jirovecii, and neutropenic fever 
was documented in 18 of 51 cases with life-threatening infec-
tions. According to the reimbursement system in Korea, pro-
phylactic long-acting G-CSF has been used for patients with 
DLBCL since 2014. Thus, in our study population, 98 patients 
(59.4%) used prophylactic G-CSF, and grade three or four 
neutropenia was prevented relatively well using prophylactic 
G-CSF. However, in our study population, the use of prophy-
lactic antibiotics was not frequently implemented, and only 
nine patients received prophylactic TMP-SMX from the first 
cycle of R-CHOP. Since 2016, our center’s protocol recom-
mended the use of prophylactic TMP-SMX in patients aged 
over 60 years who started the fourth cycle of R-CHOP. Based 
on this, of the 23 patients who discontinued treatment due to 
PCP, 18 received R-CHOP chemotherapy before 2015. And 
four of the five patients who received R-CHOP after 2016 
developed PCP after the second or third cycle of R-CHOP. 
Moreover, prophylaxis using TMP-SMX is highly effective 
against PCP infection [15]. Thus, prophylactic TMP-SMX 
should be considered from the first cycle in patients with poor 
performance status and high comorbidity scores.

The decision to discontinue chemotherapy was mostly 
made by the treating physicians. Irrespective of whether the 
doctor or the patient decided on early termination of chemo-
therapy, the main reason for not completing six cycles of 
R-CHOP was worsening performance status after chemo-
therapy (Table 3). Although more than half of the patients 
had a limited stage in our study population, it was difficult to 
tolerate high-dose chemotherapy because they had a CCI of 
2 or higher (Table 1). According to the FLYER trial [12], in 
patients with limited-stage DLBCL, four cycles of R-CHOP 
followed by two additional rituximab monotherapies were 
not inferior to six cycles of R-CHOP. In the entire retrospec-
tive cohort, 194 patients (16.4% of all patients, 36.1% of the 
limited-stage patients) fulfilled the FLYER inclusion crite-
ria. Among them, 23 patients did not complete 6 cycles of 
R-CHOP, and 171 patients completed 6 cycles of R-CHOP. 
In 23 patients who did not complete 6 cycles of chemother-
apy, the 5-year OS in this subgroup was surprisingly 100% 
despite insufficient chemotherapy intensity, and there was 
no difference in survival compared with patients who com-
pleted 6 cycles (Supplementary figure 2 (C)(D)). However, 
the 5-year OS rate in patients with a limited stage who did 
not fulfill the FLYER inclusion criteria was 61.1% (95% CI, 
49.9–74.7) in the chemotherapy discontinuation group and 
84.9% (95% CI, 80.8–89.2) in the chemotherapy complete 
group. From this point of view, another retrospective study 
suggested that dose modification or alternative regimens 
could provide comparable efficacy in elderly patients with 
limited-stage DLBCL [8]. Unfortunately, during the study 
period, the reimbursement program in Korea did not permit 
the use of rituximab monotherapy maintenance or alternative 
agents; therefore, in our cohorts, there were no cases who 
received alternative treatment replacing R-CHOP. However, 
similar to previous studies, in our study, despite the early 
termination of planned R-CHOP, patients who had a good 
response to R-CHOP or received more than three cycles of 
R-CHOP had comparable and acceptable survival outcomes. 
Taken together, a new modified regimen for elderly patients 
with a limited-stage disease may be considered.

The role of additional radiotherapy after R-CHOP is con-
troversial [16-18]. The Southwest Oncology Group study 
S0014 showed promising results regarding additional radio-
therapy [16], and in patients with old age and limited-stage 
DLBCL, additional radiation treatment showed a survival 
gain [18]; however, there was no comparison with chem-
otherapy cycles. Afterward, six cycles of R-CHOP alone 
were non-inferior to the addition of radiotherapy [19]. In 
our study, 21 patients (14.1%) underwent local treatment 
and a discontinued R-CHOP after discussion between the 
treating physicians and the patients (Table 3). In addition, 
seven more patients discontinued further cycle of R-CHOP 
for other reasons such as life-threatening infections, and 
received additional consolidative radiotherapy. Thus, a total 
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28 patients in this study received radiotherapy. All of these 
patients had stage I or II limited diseases, and their treat-
ment response was at least PR. Interestingly, when compar-
ing survival outcomes with or without radiotherapy among 
a total of 86 patients with stage I or II DLBCL in our study 
population, patients who underwent radiation showed a 
significantly better outcome than those who did not, even 
though more patients had undergone up to four or five cycles 
of R-CHOP among those who did not receive radiotherapy. 
From this point of view, in patients with stage I or II DLBCL 
who cannot complete six cycles of R-CHOP, additional radi-
otherapy should be considered for a survival benefit [20].

Another local treatment modality is surgery. However, consid-
ering the pathogenesis of DLBCL, systemic chemotherapy alone 
can be curative, and curative intent surgery is not recommended 
unlike solid tumors. In real-world practice, some patients undergo 
curative intent surgery before confirmation of the pathologic 
diagnosis, and it is not easy to encourage these patients to con-
tinue high-intensity chemotherapy after surgery. In our study, 26 
patients underwent surgery, and 14 patients underwent R0 resec-
tion (Supplementary table 4). Except for one case, most patients 
received more than three cycles of R-CHOP, and all patients 
underwent surgery before the start of chemotherapy to confirm 
the pathologic diagnosis. Therefore, it is difficult to estimate the 
additive role of surgery in this small population.

This study had several limitations. First, since it was 
impossible to predict which patients will not receive six 
cycles of R-CHOP when they start chemotherapy, this study 
had to be constructed as a retrospective design. Second, one 
of the most representative factors based on the electronic 
medical record per patient was described as the cause of 
discontinuation of chemotherapy. However, in general, vari-
ous factors, such as patients’ performance status, tolerability, 
or compliance, are considered in the decision-making pro-
cess regarding the discontinuation of chemotherapy. Third, 
there was a lead time bias to exclude some patients who died 
within 21 days after the first cycle of R-CHOP. However, this 
study aimed to determine the long-term prognosis of unex-
pected early termination of chemotherapy in actual practice. 
Therefore, this population was excluded from the final analy-
sis because of the increasing likelihood of underestimation 
of clinical outcomes. Thus, with some limitations, our study 
provided essential clinical information about prognosis after 
incomplete standard treatment in real-world practice.

When R-CHOP is interrupted, patients who achieve primary 
response have better survival outcomes than those who do not. 
Response evaluation using PET/CT or other modalities should 
be performed before deciding to terminate chemotherapy. In 
addition, in patients with stage I or II DLBCL, a change to local 
treatment such as radiotherapy could be considered. These find-
ings could provide the clinical outcome after early termination of 
R-CHOP to clinicians and provide evidence to explain to patients 
the prognosis after the inevitable discontinuation of R-CHOP.
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