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Abstract

Patients with diffuse large B-cell lymphoma (DLBCL) who fail to complete planned

treatment with R-CHOP due to toxicity are sparsely described. We investigated the

extent of failure to complete treatment (six cycles or more, or three cycles + RT for

patients with stage I disease) with R-CHOP for reasons unrelated to non-response,

the determinants of such failure and the outcome among these patients. Three thou-

sand one hundred and forty nine adult DLBCL patients who started primary treat-

ment with R-CHOP were identified through the Swedish lymphoma register

2007-2014. Of these, 147 (5%) stopped prematurely after 1-3 cycles of R-CHOP for

reasons unrelated to non-response, 168 (5%) after 4-5 cycles and 2639 patients

(84%) completed planned treatment. Additionally, 195 (6%) patients did not complete

treatment due to non-response or death before treatment end. In a multivariable

logistic regression model, age > 75 years, poor performance status, extranodal dis-

ease and Charlson Comorbidity Index ≥1 were significantly associated with failure to

complete planned R-CHOP treatment for other reasons than non-response. Non-

completion of treatment strongly correlated with survival. Five-year overall survival

for patients who received 1-3 cycles was 26% (95% CI: 19%-33%), 49% (95% CI:

41%-57%) for 4-5 cycles and 76% (74%-77%) for patients who completed treatment.

Failure to complete planned R-CHOP treatment is an important clinical issue associ-

ated with inferior survival. Old age and poor performance status most strongly pre-

dict such failure. These results indicate a need for improved treatment tailoring for

patients with certain baseline demographics to improve tolerability and chance for

treatment completion.
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1 | INTRODUCTION

Some patients with newly diagnosed diffuse large B-cell lymphoma

(DLBCL) who start standard primary treatment with R-CHOP

(rituximab- cyclophosphamide, doxorubicin, vincristine, prednisone)

do not complete full treatment for reasons related to toxicity or other

reasons unrelated to non-response. However, this group has seldom

been formally studied.

That anthracycline-based immunochemotherapy is imperative in

order to achieve cure for adult patients with diffuse large B-cell lym-

phoma (DLBCL) is well established.1-4 The clinical trials that provide the

evidence base for the current standard treatment with R-CHOP are all

based on the administration of 6-8 cycles of chemotherapy.1-3,5,6

Recently, a subanalysis of the GOYA-trial demonstrated no benefit of

eight vs six cycles of chemotherapy,7 which is also in accordance with a

population-based real-world study, demonstrating comparable out-

comes following use of six vs eight cycles of chemotherapy.8 Further,

the results of the FLYER-study were recently presented showing non-

inferiority of four cycles of R-CHOP compared to six cycles of R-CHOP

among low-risk patients (aaIPI 0 and non-bulky disease) aged ≤60 with

DLBCL.9 Thus, there is now sufficient evidence to claim that six cycles

of R-CHOP, and even4four for a certain subgroup of low-risk patients,

is the standard of care for patients with DLBCL. From prior trials we

also know that the application of three cycles of R-CHOP followed

by radiotherapy (RT) is a feasible alternative for patients with limited,

stage I disease.10

However, the subgroup of patients who do not complete the full

course of planned chemotherapy is not well described. In the clinical

trials that provide the evidence base for the current standard treat-

ment mentioned above, the proportion of patients who fail to com-

plete all cycles of chemotherapy range from 7% to 21%.1-5,11 For the

majority of these trials, reasons for non-completion are not provided.

However, in the studies that do report causes of non-completion, the

group who stop treatment due to non-response appears to be small,

1%-3%, indicating that other reasons such as intolerance may be more

common.1-3 It is plausible to assume that the number of patients who

do not complete treatment varies by clinical characteristics in the real-

world setting with a higher proportion of elderly and non-selected

patients, although rates of non-completion in this setting have seldom

been reported.

We aimed to investigate the extent of failure to complete treat-

ment with R-CHOP for other reasons than non-response (ie, prema-

ture stop due to intolerance/toxicity) in a real-world population-based

setting, the determinants of such failure and finally the outcome of

these patients.

2 | MATERIALS AND METHODS

The study population included adult patients diagnosed with DLBCL

from January 1, 2007 to December 3, 2014 who started primary

treatment with R-CHOP with the aim to receive 6-8 cycles, or three

cycles + RT if stage I disease. Patients were identified through the

Swedish Lymphoma Register (SLR), for which comprehensive data

were available. The SLR was established in 2000 by the Swedish Lym-

phoma Group containing detailed clinical characteristics, and data

regarding treatment and response since 2007.12-14 Compared with

the Swedish Cancer Register, to which all cancer diagnoses are regis-

tered by law, the coverage of the SLR is ~95% of all lymphoma cases

diagnosed in Sweden.15 In cases with missing data in the register

regarding primary treatment and response, this was complemented

from medical records. In cases where no formal interim evaluation

was performed, medical records were checked to determine that the

patients did not have stable or progressive disease. All lymphoma

patients included were diagnosed according to the pathology guide-

lines specified by the WHO classification at the time of diagnosis.16-18

Patients with primary central nervous system lymphoma were

excluded. Patients who received other treatment than R-CHOP were

excluded as were patients with an unknown number of administered

cycles.

Full treatment was defined as completion of at least six cycles or

three cycles and RT in the subset of patients with stage I disease

(according to Swedish treatment guidelines). Dose reductions were

allowed. In some analyses, patients who stopped treatment prema-

turely were stratified into two groups, 1-3 cycles and 4-5 cycles.

Patients with stable or progressive disease at evaluation or relapse

within 30 days of treatment end, who therefore did not complete

R-CHOP, were separated from patients who did not complete

treatment for other reasons than non-response in statistical ana-

lyses. Also, we used a conservative approach in defining the group

classed as not completing treatment due to toxicity/other reasons

than non-response, by not including patients who died within

30 days of treatment end (early death) in this group. This was done

to avoid reverse causality for premature treatment stop, as cause

of death was not available (even though it may have been due to

toxicity). Among patients who completed treatment, patients who

died within 30 days of treatment end (early death) were not

included in the survival analysis, also to avoid reverse causality.

The cohort was linked to the Swedish Patient Register (cover-

age 85%-95%19) to collect information on comorbid disease during

a period of 10 years prior to the diagnosis of DLBCL. We catego-

rized comorbidity according to the Charlson Comorbidity Index

(CCI), the most validated and extensively used tool to measure

comorbidity among cancer patients.20,21 Rheumatologic disease was

disregarded if recorded during the year leading up to the diagnosis

of DLBCL since such records could represent misclassified para-

malignant symptoms of the yet undiagnosed lymphoma. The study

was approved by the Regional Board of the Ethical Committee in

Stockholm.

Multivariable logistic regression was used to estimate odds ratios

(OR) with 95% confidence intervals (CI) for the association between

baseline clinical and demographic characteristics and failure to com-

plete full R-CHOP treatment for other reasons than non-response or

early death.

Overall survival by number of cycles was estimated using the

Kaplan-Meier method in the entire cohort, and stratified by age
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TABLE 1 Patient characteristics for all patients and stratified according to number of chemotherapy cycles received with patients who did
not complete treatment due to non-response in a separate column

Whole cohort
(%)

1-5 cycles due

to PD/SD/early
deathb(%)

1-3 cycles for

other reasons
than non-response (%)

4-5 cycles, for

other reasons
than non-response (%)

Completed
treatment (%)

N (%) 3149 (100) 195 (6) 147 (5) 168 (5) 2639 (84)

Median age, range 69, 18-94 75, 18-94 79, 31-93 77, 30-91 68, 18-94

Age at diagnosis

≤ 55 493 (16) 15 (8) 6 (4) 15 (9) 457 (17)

56-65 675 (21) 26 (13) 9 (6) 20 (12) 620 (23)

66-75 1043 (33) 60 (31) 30 (20) 41 (24) 912 (35)

76-85 805 (26) 77 (39) 74 (50) 78 (46) 576 (22)

> 85 116 (4) 16 (8) 27 (18) 13 (8) 60 (2)

Missing 17 (1) 1 (1) 1 (1) 1 (1) 14 (1)

Sex

Male 1770 (56) 118 (61) 74 (50) 89 (53) 1489 (56)

Female 1379 (44) 77 (39) 73 (50) 79 (47) 1150 (44)

Performance status

0 1539 (49) 32 (16) 46 (31) 59 (35) 1402 (53)

1 1064 (34) 70 (36) 50 (34) 77 (46) 867 (33)

2 289 (9) 47 (24) 23 (16) 21 (13) 198 (7)

3 183 (6) 32 (16) 20 (14) 9 (5) 122 (5)

4 53 (2) 13 (7) 6 (4) 2 (1) 32 (1)

Missing 21 (1) 1 (1) 2 (1) 0 (0) 18 (1)

Ann Arbor stage

I 673 (21) 24 (12) 26 (18) 38 (23) 585 (22)

II 818 (26) 42 (22) 34 (23) 53 (32) 689 (26)

III 597 (19) 33 (17) 26 (18) 20 (12) 518 (20)

IV 1005 (32) 89 (46) 54 (37) 54 (32) 808 (31)

Missing 56 (2) 7 (3) 7 (5) 3 (2) 39 (1)

LDH

Normal 1314 (42) 37 (19) 55 (37) 91 (54) 1131 (43)

Elevated 1781 (56) 149 (76) 85 (58) 74 (44) 1473 (56)

Missing 54 (2) 9 (5) 7 (5) 3 (2) 35 (1)

Extranodal sites

0 1704 (54) 81 (42) 70 (48) 70 (42) 1483 (56)

1 1014 (32) 71 (36) 49 (33) 65 (39) 829 (32)

> 1 431 (14) 43 (22) 28 (19) 33 (20) 327 (12)

IPI

0-1 1019 (33) 18 (9) 29 (20) 60 (36) 914 (35)

2 819 (26) 37 (19) 37 (25) 36 (21) 709 (27)

3 724 (23) 65 (33) 28 (19) 36 (21) 595 (22)

4-5 450 (14) 61 (31) 37 (25) 29 (17) 323 (12)

Missing 137 (4) 16 (8) 16 (11) 7 (4) 98 (4)

Hb

< 100 260 (8) 39 (20) 14 (10) 13 (8) 194 (7)

100-115 492 (16) 38 (19) 44 (30) 29 (17) 381 (15)

> 115 1760 (56) 85 (44) 67 (46) 94 (56) 1514 (57)

Missing 637 (20) 33 (17) 22 (15) 32 (19) 550 (21)
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65 years and younger, and over 65 years. Multivariable Cox regres-

sion was used to estimate hazard ratios (HR) with 95% confidence

intervals (CI) for the association between failure to complete full

R-CHOP treatment for other reasons than non-response and all-

cause mortality. This was adjusted for sex, age, stage, performance

status, lactate dehydrogenase (LDH), bulky disease and use of con-

solidative RT. In the regression analyses, a complete case approach

to missing information was used. Start of follow-up in the Cox

regression was defined as the date of treatment evaluation,

(approximately 30 days after the date of last treatment cycle). And,

the end of follow-up was the date of death, emigration, or end of

follow-up (October 31, 2017), whichever occurred first. Thus,

patients who did not complete planned R-CHOP due to progres-

sive or stable disease at treatment evaluation, who died before

treatment evaluation (within 30 days after the last treatment cycle,

ie, early death), or completed treatment but had progressive or sta-

ble disease did not contribute to the survival analyses.

3 | RESULTS

From 2007 to 2014, 3149 adult patients with incident DLBCL

were identified through the SLR and started primary treatment with

R-CHOP with no missing data regarding number of cycles.

Median age in the whole cohort was 69 years (range 18-94). Median

follow-up time was: 4.5 years (range 0.003-10.5). There was a male

predominance of 56% vs 44%.

Overall, 2639 patients (84%) completed their planned treatment

(ie, at least six cycles or three cycles for patients with stage I disease

and consolidative RT). Among patients who completed treatment,

2414 (92%) received six cycles, 36 (1%) 7 cycles and 131 (5%) eight

cycles and 58 (2%) patients with stage I disease were managed with

three cycles and consolidative RT. A total of 1398 (44%) patients

received R-CHOP-21, 1689 (54%) received R-CHOP-14 and 2% had

missing data regarding treatment interval.

A total of 315 (10%) patients did not complete treatment for

other reasons than non-response or early death. Among these,

147 (5%) patients only received 1-3 cycles of R-CHOP and 168 (5%)

stopped treatment prematurely after 4-5 cycles of treatment. In addi-

tion, 80 patients (3%) did not complete treatment due to progressive

or stable disease at first evaluation or relapse within 30 days,

115 (4%) patients did not complete treatment due to early death

(within 30 days after last treatment). In addition, 115 (4%) patients

completed treatment but had progressive or stable disease at evalua-

tion, 14 patients completed treatment but died before treatment eval-

uation and 10 patients completed treatment but relapsed within

30 days of treatment and never entered the survival analysis

(n = 2815 patients left). In the logistic regression patients who did not

complete treatment due to non-response or mortality were included

as reference cases together with all patients who completed

TABLE 1 (Continued)

Whole cohort
(%)

1-5 cycles due

to PD/SD/early
deathb(%)

1-3 cycles for

other reasons
than non-response (%)

4-5 cycles, for

other reasons
than non-response (%)

Completed
treatment (%)

Bulky disease

Yes 567 (18) 52 (27) 29 (20) 20 (12) 466 (18)

No 2531 (80) 137 (70) 117 (80) 143 (85) 2134 (81)

Missing 51 (2) 6 (3) 1 (1) 5 (3) 39 (1)

Consolidative RTa

Yes 330 (11) 26 (13) 35 (24) 25 (15) 244 (9)

No 2817 (89) 169 (87) 112 (76) 143 (85) 2393 (91)

Missing 2 (0) 0 (0) 0 (0) 0 (0) 2 (0)

CCI

0 1805 (57) 85 (44) 52 (35) 66 (39) 1602 (61)

1 601 (19) 51 (26) 36 (24) 47 (28) 467 (18)

≥ 2 742 (24) 59 (30) 58 (39) 55 (33) 570 (21)

Missing 1 (0) 0 (0) 1 (1) 0 (0) 0 (0)

Cycle interval

14 days 1689 (54) 79 (41) 28 (19) 53 (32) 1529 (58)

21 days 1398 (44) 102 (52) 107 (73) 114 (68) 1075 (41)

Missing 62 (2) 14 (7) 12 (8) 1 (1) 35 (1)

Abbreviations: CCI, Charlson Comorbidity Index; IPI, International Prognostic Index; LDH, lactate dehydrogenase; PD, progressive disease; RT, radiother-

apy; SD, stable disease.
aExcluding patients with stage I disease, who were planned for R-CHOPx3 + RT.
bDeath within 30 days from end of last treatment cycle.
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treatment (n = 2954 reference cases). A flow chart of included

patients is presented in Figure S1.

Patients who failed to complete planned cycles of R-CHOP, for

other reasons than non-response, more often presented with high-risk

disease characteristics at diagnosis. Median age for patients who

stopped at 1-3 or 4-5 cycles was 79 and 77 years respectively, com-

pared to 68 years in the group who completed treatment (Table 1).

Patients who stopped treatment after 1-3 cycles or 4-5 cycles more

often presented with stage IV disease (37% vs 32% vs 31%) and per-

formance status (PS) score ≥ 2 (34% vs 19% vs 13%) compared with

patients who completed treatment. Thus, the proportion of patients

with a high-risk IPI score was higher among patients who only

received 1-3 cycles or 4-5 cycles (25% and 17% with high-risk IPI

compared to 12% in the cohort of patients who completed treatment).

Among patients who discontinued treatment for other reasons than

non-response, 70% were managed with R-CHOP-21. Overall, 16% of

patients managed with R-CHOP-21 discontinued treatment due to

other reasons than non-response, compared to 5% among patients

treated with R-CHOP-14. As expected, patients who did not complete

treatment due to stable or progressive disease or early death also had

a worse prognostic setting (Table 1).

Patients who did not complete treatment received consolidative

RT (ie, not including patients with stage I disease planned to receive

three cycles followed by RT) to a larger extent. Among patients who

stopped treatment after 1-3 and 4-5 cycles for other reasons than

non-response, 24% and 15% of patients received consolidative radio-

therapy compared to 9% among patients who completed treatment.

Survival analysis stratified by number of cycles and RT were not per-

formed due to inherent risk of immortal time bias.

The proportion of patients who did not complete planned treat-

ment for other reasons than non-response increased with age. Among

patients aged ≤55 years, 4% of patients did not complete treatment

for reasons unrelated to non-response, compared to 4%, 7%, 19% and

34% among patients aged 56-65, 66-75, 76-85 and 86 or above,

respectively.

Using logistic regression, age, poor performance status (PS≥1

compared to PS 0), elevated LDH, hemoglobin levels 100-115

(compared to >115), extranodal disease and CCI ≥1 (compared to

CCI 0) were significantly associated with failure to complete planned

R-CHOP in univariable analysis. Also, administration of R-CHOP in

21 day intervals (compared to 14 days) was associated with failure

to complete full R-CHOP treatment. In a multivariable logistic

regression model, age > 75 years, poor performance status, CCI ≥1,

extranodal disease and chemotherapy administration in 21 day inter-

vals remained significantly associated with an increased risk of failure

to complete full chemotherapy (Figure 1). The largest impact was seen

among patients aged 85 or above, where the odds of not receiving

planned chemotherapy was six times higher compared to patients

aged 66-75. Neither sex, stage, elevated LDH, bulky disease nor

hemoglobin level had predictive value for whether full chemotherapy

could be administered in the multivariable model.

For patients who stopped treatment after 1-3 cycles for other

reasons than non-response, the majority never underwent formal

interim evaluation (45% missing evaluation), although it was deter-

mined based on available medical record data that they did not have

stable or progressive disease. Still, 34% (n = 50) achieved complete

remission (CR) in this group, and 20% (n = 30) partial remission (PR).

Corresponding rates for patients who stopped treatment after

4-5 cycles were 75% CR and 15% PR, compared to 83% CR and 11%

PR among patients who completed treatment. The number of patients

with missing formal response evaluation was smaller among patients

who received 4-5 cycles or completed treatment, 9% and 2%

respectively.

The overall 2- and 5-year OS rates were 83% (95% CI: 82%-

85%) and 72% (95% CI: 70%-73%), respectively. Number of received

R-CHOP cycles strongly correlated with survival (Figure 2A). For

patients who stopped treatment after 1-3 cycles, 5-year OS was

26% (95% CI: 19%-33%). The corresponding rates for patients who

stopped after 4-5 cycles and patients who completed treatment

were 49% (95% CI: 41%-57%) and 76% (74%-77%), respectively.

Among patients 65 years of age or younger, 5-year OS varied from

51% (95% CI: 24%-74%), following 1-3 cycles, to 79% (95% CI:60%-

89%) following 4-5 cycles, and 87% (95% CI: 85%-89%) for patients

who completed treatment. Among patients older than 65 years, the

corresponding rates were 23% (95% CI: 16%-31%), 41% (95% CI:

32%-50%) and 68% (95% CI: 65%-70%), respectively (Figure 2B,C).

2.02 (1.48 − 2.78)

Reference
1.64 (1.21 − 2.25)

1.78 (1.28 − 2.49)
Reference

0.85 (0.57 − 1.23)

Reference
0.82 (0.56 − 1.20)

Reference
1.28 (0.91 − 1.82)

0.89 (0.55 − 1.46)

2.68 (1.64 − 4.34)

1.86 (1.27 − 2.70)
Reference

0.81 (0.31 − 2.04)
0.75 (0.56 − 1.01)

Reference

2.14 (0.81 − 5.61)

2.00 (1.14 − 3.50)
1.97 (1.24 − 3.14)

1.49 (1.09 − 2.03)
Reference

0.67 (0.43 − 1.03)

1.03 (0.62 − 1.70)
1.12 (0.76 − 1.65)

Reference
5.84 (3.49 − 9.81)

2.38 (1.70 − 3.31)
Reference

0.81 (0.50 − 1.27)
0.91 (0.54 − 1.53)

1.11 (0.85 − 1.44)

ReferenceMales, 163/1770 (9%)

Females, 152/1379 (11%)

≤ 55, 21/493 (4%)
56−65, 29/675 (4%)

66−75, 71/1043 (7%)
76−85, 152/805 (19%)

> 85, 40/116 (34%)
Stage I, 64/673 (10%)

Stage II, 87/818 (11%)
Stage III, 46/597 (8%)

Stage IV, 108/1005 (11%)

Asymptomatic, 105/1539 (7%)
Ambulatory, 127/1064 (12%)

<50% bedbound, 44/289 (15%)
>50% bedbound, 29/183 (16%)

Bedbound, 8/53 (15%)

Serum LD Normal, 146/1314 (11%)

Serum LD Elevated, 159/1781 (9%)
Serum LD Not evaluated, 9/49 (18%)

Extranodal 0, 140/1704 (8%)
Extranodal 1, 114/1014 (11%)

Extranodal >1, 61/431 (14%)

HB < 100, 27/260 (10%)

HB 100−115, 73/492 (15%)
HB > 115, 161/1760 (9%)

HB Missing, 54/637 (8%)
Not bulky, 260/2531 (10%)

Bulky, 49/567 (9%)

CCI 0, 118/1805 (7%)
CCI 1, 83/601 (14%)

CCI 2+, 113/742 (15%)
Chemo interval 14 days, 81/1689 (5%)

Chemo interval 21 days, 221/1398 (16%)
.5 1 2 4 8

Odds Ratio (95% CI)

F IGURE 1 Odds ratios (OR) with 95% confidence intervals
(CI) for associations between clinical characteristics and failure to
complete R-CHOP for other reasons than non-response or early
death, along with number and proportion of patients in each category.
Patients who completed treatment or stopped treatment due to non-
response or early death are included in the reference group [Color
figure can be viewed at wileyonlinelibrary.com]
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In a multivariable Cox regression analysis including number of

chemotherapy cycles, sex, age, stage, PS, bulky disease, elevated LDH,

radiotherapy and comorbidity, the overall mortality rate for patients

who stopped treatment after 1-3 cycles was 3.3 times higher (95% CI:

2.6-4.1, P < .000) than that of patients who completed treatment. The

mortality for patients who stopped treatment after 4-5 cycles of

treatment was nearly 2-fold compared to patients who completed

treatment (HR:1.9, 95% CI: 1.5-2.3, P < .000) (Table 2).

The FLYER-study demonstrated that among low-risk patients

with aaIPI 0, non-bulky disease aged 60 years or younger, treatment

with four cycles of R-CHOP was non-inferior to six cycles of R-CHOP.

Therefore, we performed a subgroup analysis of patients aged

(A)

(B) (C)

F IGURE 2 A, Kaplan Meier curve depicting overall survival stratified according to number of R-CHOP cycles received among patients who
completed treatment and those who failed to complete for other reasons than non-response or early death (within 30 days after end of last
treatment cycle). 5-year OS rates for patients who received 1, 2, 3, 4, 5 or completed treatment were: 16% (95% CI: 7%-29%), 18% (95% CI: 7%-
33%), 37% (95% CI: 24%-49%), 52% (95% CI: 40%-63%), 47% (95% CI: 36%-58%) and 76% (95% CI: 74%-77%), respectively. Overall log rank P-
value: <.000. B and C, Kaplan Meier curve depicting overall survival with 95% CI according to number of R-CHOP cycles received among patients
who completed treatment and those who failed to complete for other reasons than non-response or early death (within 30 days after end of last
treatment cycle) stratified into 4-5 cycles or 1-3 cycles, among patients 65 years or younger (B) versus older than 65 years at diagnosis (C).
Overall log rank P-value: <.000
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60 years or younger with aaIPI 0 and non-bulky disease in our cohort.

In this population-based study, only 234 (7%) patients fulfilled

these criteria. Overall, the 5-year OS in this group was 95% (95% CI:

92%-98%). In this group, 218 (93%) completed treatment and only

15 (7%) did not complete treatment for other reasons than non-

response or early death, and one patient did not complete treatment

due to non-response. Due to these small cohorts, further analyses

were not feasible.

4 | DISCUSSION

In this large population-based cohort we demonstrate that 10% of

patients diagnosed with DLBCL intended for standard treatment with

R-CHOP failed to complete planned treatment for reasons unrelated

to non-response. Additionally, 6% stopped treatment prematurely due

to stable/progressive disease or early death. Advanced age and poor

performance status most strongly predicted failure to complete

planned treatment for other reasons than non-response, with 19%

and 34% of patients aged 75-85 and >85 years not completing

planned treatment, respectively. Further, we show that failure to com-

plete treatment is associated with inferior survival.

The group of DLBCL patients who do not complete planned

treatment have not previously been described in detail. A minority of

clinical trials provide reasons for why treatment was not completed.

In the GELA-study that compared R-CHOP-14 to R-CHOP-21 among

patients with DLBCL aged 60-80, 21% of patients withdrew from the

study during treatment.3 Among those who did not complete treat-

ment, 8% stopped treatment due to toxic effects, 6% died, 2% had

treatment failure and 5% stopped for other reasons. However, charac-

teristics were not provided for these patients, precluding assessment

of risk factors for non-completion. In the pivotal R-CHOP vs CHOP

studies by Coiffier et al and Habermann et al (both including patients

aged 60 and above) approximately 20% did not receive full treatment,

including due to non-response or death.1,5 In a Danish population-

based study, 18.6% of patients received 3-5 cycles, although also

including patients with stage I disease managed with 3 cycles +

RT. Similarly, in 690 consecutive British patients aged ≥70

treated with R-CHOP, only 71% of patients completed at least six

cycles of R-CHOP.22 In a Portuguese multicenter study including

378 patients aged 60 or above, 23% did not complete planned treat-

ment.23 Thus, the risk of non-completion is a frequent clinical issue

which has, as demonstrated in this study, a major impact on outcome.

The fact that we include adult patients of all ages, might

partly explain why the rate of 10% of patients who failed to complete

R-CHOP for other reasons than non-response in our study, is lower

than that from the clinical trials and population-based studies

referenced above, that included a larger proportion of older patients.

Further, the 10% of patients with premature treatment stop for other

reasons than non-response or early death reported in this study is a

conservative estimation as the patients who died before treatment

evaluation (likely due to a combination of toxicity and frailty due to

the disease) were not included in this count, in order to minimize the

risk of reverse causality for non-completion of treatment. When

excluding patients who stopped treatment due to death or non-

response in the GELA-trial (patients aged 60-80 years), the proportion

of non-completing patients was 13%, similar to the proportion of non-

completion due to non-response seen in our study. The corresponding

TABLE 2 Multivariable analysis presenting hazard ratios
(HR) with 95% confidence intervals (CI) for the association of
premature treatment stop on outcome, with HR also presented for
the adjusting variables sex, age, stage, performance status, elevated
LDH, bulky disease, radiotherapy and comorbidity, with patients who
stopped treatment due to non-response or early death excluded

HR 95% CI P-value

Number of cycles

Completed 1.00 (Reference) NA

4-5 1.9 1.5-2.3 <.000

1-3 3.3 2.6-4.1 <.000

Sex

Female 0.74 0.65-0.85 <.000

Age category

66-75 1.00 (Reference) NA

< 56 0.29 0.21-0.40 <.000

56-65 0.66 0.53-0.81 <.000

76-85 1.7 1.5-2.0 <.000

> 85 2.6 2.0-3.5 <.000

Ann Arbor stage

I 1.00 (Reference) NA

II 1.0 0.8-1.2 .7

III 1.3 1.0-1.6 .03

IV 1.4 1.1-1.7 .004

Performance status score

0 1.00 (Reference) NA

1 1.4 1.2-1.7 <.000

2 1.6 1.2-2.0 <.000

3 1.5 1.1-2.0 .009

4 3.0 1.9-4.7 <.000

LDH

Normal 1.00 (Reference) NA

Elevated 1.3 1.1-1.5 .002

Missing 1.1 0.7-1.8 .6

Bulky disease

Yes 1.04 0.9-1.2 .7

Radiotherapy

Yes 0.8 0.6-1.0 .04

CCI

0 1.00 (Reference) NA

1 1.4 1.2-1.7 <.000

≥ 2 1.6 1.3-1.8 <.000

Abbreviations: CCI, Charlson Comorbidity Index; LDH, lactate dehydroge-

nase; NA = not applicable.
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fraction for non-completion excluding death and non-response in the

similar, but including patients aged >18, study by Cunningham et al is

9%.2 The corresponding figure in the MiNT-study, restricted to

patients aged 60 or below, was 7%.6 The difference between non-

completion proportions in these clinical trials, that include different

age groups, and the higher numbers of non-completion in population-

based studies restricted to an older DLBCL cohort, is in line with our

study where the risk of non-completion clearly increases with age.

It would be advantageous to be able to identify patients at risk of

not completing planned treatment at treatment initiation, in order to be

able to modify treatment accordingly to optimize the chance for treat-

ment completion, and thus hopefully improve patient outcome. In this

study, patients who did not complete planned cycles of R-CHOP pres-

ented with an inferior prognostic setting at diagnosis, with advanced

age, poor PS scores and a slightly larger proportion of patients with ele-

vated LDH, extranodal disease and stage IV disease, thus primarily rep-

resenting an older, frail population of DLBCL patients with advanced

disease. This is in line with results from a recent study assessing the use

of comprehensive geriatric assessment for DLBCL patients where 20%

of patients deemed frail ended treatment prematurely, compared to

only 9% among patients classed as fit.24 Old age, poor performance sta-

tus, presence of comorbidity and extranodal disease all increased the

odds of not completing treatment. This indicates that for patients with

these demographics, special considerations should be taken before initi-

ating treatment, to optimize chance for completion.

Discussions regarding optimal treatment for frail patients are

ongoing. As demonstrated in the current study, it is important to

ensure tolerability of treatment to increase the chance for patients to

complete treatment. Thus, an important part in improving outcomes

for frail patients may lie in thorough pre-treatment assessment to

identify if full standard treatment is feasible or if alternative treatment

options, such as initial dose reductions, may in fact be more beneficial

by enabling frail patient to actually tolerate, and thus complete treat-

ment. This is in accordance with studies which indicate that well-

judged dose reductions are associated with similar outcomes as

patients administered full treatment among elderly patients. Previous

studies have shown that pre-planned dose reductions are not associ-

ated with inferior outcome among comorbid patients aged >80, and

non-inferior for patients aged >85.25,26 Also, the use of pre-phase

treatment has been shown to improve treatment tolerability among

older patients, and may constitute an important addition to treatment

in this group.27 Unfortunately, data regarding pre-phase treatment

was not available and its impact on treatment completion was there-

fore not possible to evaluate in this series. Further, results in this

study high-light the need for novel, more tolerable treatment options

for all, put particularly elderly and frail DLBCL patients. The associa-

tion between 21-day cycle administration with failure to complete

planned R-CHOP seen in our study, is likely due to residual con-

founding by indication. And, the cohort managed with R-CHOP-21

had a poorer prognostic setting at diagnosis compared to patients

selected for treatment with R-CHOP-14.

Recently, results from the FLYER study were presented. Here, non-

inferiority of four cycles, compared to six, of R-CHOP was demonstrated

for low-risk patients aged ≤60 with aaIPI 0 and non-bulky disease.9 Thus,

for the first time it has been shown that full treatment with 6-8 cycles of

R-CHOP is not always necessary. The group of patients who fulfilled

inclusion criteria for the FLYER-study in this population-based study was

very small (7%). This, in combination with the observational and retro-

spective nature of our study, precluded us from validating their results in

the current population-based setting. Nonetheless, although non-

completion of treatment was clearly associated with significantly inferior

survival, it is noteworthy that there is still a small proportion of non-

completing patients in this study who survive long-term. This is even after

having received only 1-3 or 4-5 cycles of R-CHOP, although these data

need to be interpreted in the light of the fact that patients who died

within 30 days of treatment end were not included in the survival analy-

sis. Nonetheless, this indicates that also fewer cycles of R-CHOP may in

some cases be able to incur long-term remission, although we lack data

regarding additional treatment these patients may have received, apart

from radiotherapy. Whether consolidative RT may improve survival

among non-completing patients cannot be evaluated in the current study

due to the inherent risk of immortal time bias.

This study uses real-world data including the whole DLBCL popu-

lation in Sweden who started R-CHOP during the studied time period.

The availability of data from a recent medical chart review has further

minimized the amount of missing data related to treatment response

in this study. This represents strengths of our study as a large propor-

tion of patients studied in the current series would have been pre-

cluded from inclusion in clinical trials. There are also limitations.

Firstly, we lack data regarding dose reductions. It is likely that a pro-

portion of patients, particularly aged >80 years will have received

dose-reduced regimens such as R-mini-CHOP. That this data is not

available precludes us from deducing mechanistic associations

between effect of potential dose reductions on efficacy and tolerabil-

ity, potentially enabling completion of treatment to a higher extent

particularly among elderly/frail patients. However, the probable use

of dose-reduced regimens for elderly patients in this study would

likely have permitted completion of treatment in a larger proportion

of elderly patients, wherefore the lack of data regarding dose reduc-

tions does not limit our conclusions. Also, we lack detailed data

regarding reasons for premature treatment stop, but with non-

response and death excluded it is likely that toxicity is the main reason

for why treatment was stopped prematurely in this series.

To our knowledge, this is the first study to analyze the group of

DLBCL patients who do not complete planned treatment with R-CHOP

for other reasons than non-response. We demonstrate that non-

completion of treatment for other reasons than non-response is an

important clinical issue, concerning 10% of all adult patients.

Age > 75 years and poor performance status were the most important

factors to predict failure to complete planned treatment. Further, we

show that failure to complete planned treatment with R-CHOP is

strongly associated with adverse outcome. These findings indicate a

need for improved treatment tailoring with pre-planned dose reductions

and/or novel more tolerable therapeutic options, for patients with cer-

tain base-line characteristic. To better ascertain which clinical and bio-

logical characteristics this may be, further studies are needed.
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