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Abstract
Using a large data set, the present survival analysis study assessed the effect of sequential
therapies for patients with follicular lymphoma aged ≥ 65 years using a multistate model. We
found that rituximab, cyclophosphamide, hydroxydaunorubicin, vincristine in any line of therapy
improved overall survival.
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Background: Disease progression within < 2 years of initial chemoimmunotherapy and patient
age > 60 years have been associated with poor overall survival (OS) in follicular lymphoma (FL).
No standard treatment exists for these high-risk patients, and the effectiveness of sequential
therapies remains unclear.
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Patients and Methods: We studied the course of FL with first-, second-, and third-line
treatment. Using large population-based data, we identified 5234 patients with FL diagnosed in
2000 to 2009. Of these patients, 71% had received second-line therapy < 2 years, and 29% had
received no therapy after first-line therapy, with a median OS of < 3 years. Treatment included
rituximab, R-CVP (rituximab, cyclophosphamide, vincristine), R-CHOP (rituximab,
cyclophosphamide, hydroxydaunorubicin, vincristine), R-Other (other rituximab-containing), and
other regimens. The Aalen-Johansen estimator and Cox proportional hazards models were used to
quantify the outcomes and assess the effects of the clinical and sociodemographic factors.
Results: R-CHOP demonstrated the most favorable 5-year OS among first- (71%), second(55%), and third-line (61%) therapies. First-line R-CHOP improved OS (hazard ratio [HR], 0.57;
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95% confidence interval [CI], 0.50–0.64) and reduced the mortality risks after first-line (HR, 0.60;
95% CI, 0.47–0.77), second-line (HR, 0.40; 95% CI, 0.29–0.53), and third-line (HR, 0.63; 95%
CI, 0.53–0.76) treatments. B-symptoms, being married, and histologic grade 1/2 were associated
with the use of earlier second-line therapy. Early progression from second- to third-line therapy
was associated with poor OS. The repeated use of R-CHOP or R-CVP as first- and second-line
treatment yielded high 2-year mortality rates (R-CHOP + R-CHOP, 17.3%; R-CVP + R-CVP,
21.1%).
Conclusion: Our multistate approach assessed the effect of sequential therapy on the immediate
and subsequent treatment-line outcomes. We found that R-CHOP in any line improved OS for
patients with high-risk FL.
Keywords
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Follicular lymphoma; High-risk; Multistate model; Survival prediction; Treatment-related
mortality

Introduction

Author Manuscript

Follicular lymphoma (FL) is the most common indolent and the second-most common nonHodgkin lymphoma—accounting for ~20% to 25% of all lymphomas in Western countries.
1,2 For most patients, FL will be an incurable disease characterized by indolent behavior,
with an initial period of observation followed by a favorable response to the initial therapy.
Most patients with newly diagnosed FL treated with rituximab alone or rituximab plus
chemotherapy will experience prolonged progression-free survival (PFS) and overall
survival (OS). However, the FL of some patients will undergo transformation to more
aggressive histologic grades.3 Also, ~20% will experience progression of disease (PD)
within 2 years of first-line chemoimmunotherapy, irrespective of the treatment choice.4

Author Manuscript

Large randomized studies have consistently shown patients with FL and early PD will have
poorer OS compared with those patients without relapse within the first 2 years.5–7
Consistent with these trials, an analysis of data from the National LymphoCare cohort study
in the United States involving 588 patients with stage II-IV FL treated with first-line
rituximab plus chemotherapy showed that 19% had developed a relapse within 2 years of
diagnosis.4 In addition, OS was markedly reduced in the group with early PD, with a 5-year
survival rate of 50% from the 2-year risk-defining progression event compared with 90% for
patients without early PD. Validation of these data in an independent cohort of patients with
FL for Iowa/Mayo confirmed the poor 5-year OS for patients with early relapse.4 In addition
to early PD, advanced age also has been identified as a high-risk factor for a poor clinical
course of FL and worse survival.8–10 In particular, age > 60 years has been shown to be a
key adverse prognostic factor associated with poorer OS and PFS and is a component of the
FL international prognostic index.11–13
Limited data are available regarding the outcomes associated with the sequencing of first-,
second-, and third-line therapy for FL. The sequence remains important because most
patients will develop relapse and will require sequential treatment. Moreover, no study has
reported on the effect of sequential therapy among the most vulnerable patients with FL—
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those aged > 60 years and requiring a second treatment within 2 years of the initial therapy.
We developed a continuous-time multistate model to capture the clinical course of FL for
older patients with high-risk FL and conducted a multistate survival analysis to examine the
outcomes associated with first-, second-, and third-line therapy and to assess the effects of
sociodemographic and clinical factors on the outcomes at each treatment line and OS.

Patients and Methods

Author Manuscript

Our multistate model consisted of 3 treatment states (alive after first-, second-, and third-line
treatment) and an absorbing health state “dead” (Figure 1). The patients with FL entered a
treatment state with the initiation of the corresponding treatment line and departed when
either they had died or their next treatment had been initiated. We used the Aalen-Johansen
estimator,14 a generalization of the Kaplan-Meier estimator,15 to assess the likelihood of a
patient being in 1 of the 4 clinical states at a given time. The Aalen-Johansen estimator is a
convenient and reliable (nearly unbiased) nonparametric estimator for multistate models. It
does not assume any form on probability distributions and can cope with the censored
observations that exist in clinical data. It was mathematically shown that the Aalen-Johansen
estimator is the maximum likelihood estimator of multistate models16,17 and provides
consistent estimates for both Markov and non-Markov models.18

Author Manuscript

We used multivariable Cox proportional hazard regression models to assess the influence of
clinical and sociodemographic factors at each state transition. The Cox model is a
semiparametric model that has been commonly used in clinical studies to examine the
association between covariates and the time of the event of interest.19,20 First, we
constructed a multivariable Cox regression model for the conventional OS model with 2
model states, “alive after initial treatment” and “dead,” and analyzed the effect of the
predictors on OS. Next, for a more comprehensive analysis, we fit a multivariable Cox
proportional hazard regression model to each transition between the model states of the
multistate model and identified significant risk factors affecting the time and rate of each
clinical event, such as death, and the initiation of a subsequent therapy.
Patients, Data Source, and Variables

Author Manuscript

Data from the Surveillance, Epidemiology, and End Results (SEER) 2000 to 2009 registry,
which has been linked with the Medicare claims data through 2011, were used to identify
patients with a histologically confirmed first primary diagnosis of FL using the International
Classification of Diseases (ICD) for Oncology, 3rd edition, histology codes.21 The SEER
program is a National Cancer Institute — sponsored epidemiologic surveillance system of
population-based tumor registries that routinely seek to collect demographic and clinical
information on all incident cases occurring in the SEER areas.22 Medicare is the primary
health insurer for 93% of the US population aged ≥ 65 years. Medicare claims data contain
information collected to cover health care services provided to Medicare beneficiaries.
Because the median age at diagnosis for patients with FL is > 65 years, the SEER-Medicare
data offer a valuable resource to examine FL patterns of care and outcomes.
The SEER-Medicare data set included a total of 8411 patients with FL aged ≥ 65 years.
After our examination for eligibility, 3177 patients were excluded for the following reasons:
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insufficient data (n = 676), diagnosis before 2000 (n = 1342), no treatment received after the
diagnosis (n = 821), and PD > 2 years after the initial treatment (n = 338; Figure 2). All
5234 patients included in the present analysis had an advanced age > 65 years, a high-risk
factor for poor PFS and OS11–13; had received at least first-line therapy after diagnosis in the
era of routine first-line rituximab and rituximab plus chemotherapy (after 2000); and had
either experienced early PD < 2 years after first-line therapy (71%), a risk factor for poorer
OS4 or experienced a median OS of < 3 years (29%).

Author Manuscript

Starting with their diagnosis, the patients were observed until death or the end of the followup period (December, 31, 2009 for SEER and December 31, 2011 for Medicare data). We
used Medicare as the primary source for the time of death information and adjusted the
missing entries using the SEER data, assuming the 15th day of the month as the time of
death. The primary variables of interest were the receipt of first-, second-, and third-line
treatment and the OS with each line of treatment. We identified FL-directed treatment
strategies using the ICD (9th revision, clinical modification, diagnosis; and 9th revision,
clinical modification, procedural), Current Procedural Terminology, Healthcare Common
Procedure Coding System, and revenue centers codes [22] on inpatient, outpatient, and
physician claims. We grouped treatments into 5 main categories as follows: (1) rituximab
with or without radiotherapy; (2) R-CVP (rituximab, cyclophosphamide, vincristine); (3) RCHOP (rituximab, cyclophosphamide, hydroxydaunorubicin, vincristine); (4) R-Other
(rituximab with other chemotherapy combinations); and (5) Non-R (treatments that did not
contain rituximab). The data also included patients with unknown treatments. When we
investigated the optimal first-, second-, and third-line therapies, we presented the results for
the treatment groups rituximab, R-CVP, R-CHOP, and R-Other. When we examined the
effects of the clinical and sociodemographic risk factors on the clinical course of FL, we
considered all patients, including those patients who had received Non-R and unknown
treatments. To adjust for the use of rituximab maintenance therapy after induction, we
classified a treatment as involving rituximab maintenance if rituximab alone had been
received within 180 days of the previous treatment and > 1 dose of rituximab treatment had
been given (Figure 2).

Author Manuscript

Patient age, race, sex, marital status, region demographic data (Northeast, Midwest, South,
or West), residency demographic data (metropolitan, urban, or rural), and census tract-level
characteristics (maximum education level attained) were identified from the SEER data for
each patient. FL histologic features, FL grade (1/2, or 3), extranodal primary site of
involvement, and the presence of B-symptoms were also recorded from SEER data. A
history of anemia, poor performance status, and Deyo modification of the Charlson
comorbidity index (CCI) were derived from Medicare data using our previous approach.23,24

Author Manuscript

Results
We assessed the SEER-Medicare data for 8411 patients for eligibility and included 5234
patients, with a diagnosis of FL from 2000 to 2009, in the present study (Figure 2). Of these
patients, 71% had received a second-line therapy within 2 years of diagnosis, and 29% had
received no further therapy after their initial therapy and had experienced a median OS of <
3 years. All patients were aged > 65 years, the mean age was 76 years, and median duration
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from diagnosis to first-line treatment was 1.37 months (95% confidence interval [CI], 1.33–
1.43). The baseline patient characteristics stratified by treatment type are listed in Table 1.
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In the present FL population enriched for patients with early PD, 1219 had received
rituximab alone, 620 R-CVP, 894 R-CHOP, and 432 R-Other as first-line therapy, and 322
patients had received rituximab maintenance therapy after first-line treatment. R-CHOP
achieved the highest survival rates at 2 and 5 years among the first-line treatments (76% and
46% for rituximab, 82% and 55% for R-CVP, 84% and 71% for R-CHOP, and 74% and 54%
for R-Other, respectively; Figure 3). R-CHOP as second- and third-line therapies was also
associated with the most favorable 5-year OS rates after the initiation of second- and thirdline treatments (50% and 49% for rituximab, 47% and 38% for R-CVP, 55% and 61% for RCHOP, and 47% and 46% for R-Other as second- and third-line therapies, respectively;
Supplemental Figures 1 and 2; available in the online version). Consistent with these
findings, the median OS from the initiation of the corresponding treatment was the highest
for R-CHOP patients at any treatment line and was 36.3 months (95% CI, 33.7–38.7) for
first-line R-CHOP, 34.1 months (95% CI, 28.6–37.9) for second-line R-CHOP, and 40.4
months (95% CI, 33.5–45.7) for third-line R-CHOP therapy (Table 2).
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R-CHOP had the greatest effect on OS when provided as first-line therapy. For patients
receiving first-line R-CHOP, followed by 2 other therapies (R-CHOP + X + X), the mortality
rate at 2 years after first-, second-, and third-line therapy was 10.9%, 13.8%, and 17.8%,
respectively (Table 3). The corresponding mortality rates for second-line R-CHOP (X + RCHOP + X) were 18.0%, 20.8%, and 23.7%, and for third-line R-CHOP (X + X + R-CHOP)
were 25.5%, 31.1%, and 34.0% when R-CHOP was combined with any 2 other regimens.
During the course of the sequential treatments, first-line R-CVP followed by R-CHOP also
was a particularly favorable combination, with no deaths within 24 months of initiating firstline therapy (Table 4). The patients who had received R-Other as first-line therapy in this
cohort had poorer outcomes with all second-line regimens if they had received a
(subsequent) second-line therapy (Table 4).

Author Manuscript

Compared with other regimens, first-line R-CHOP was effective across all age subgroups.
Among the first-line R-CHOP patients, the 5-year OS rates were 0.70 for age 66 to 70 years,
0.71 for age 71 to 75 years, 0.75 for age 76 to 80 years, and 0.66 for age ≥ 81 years. In
contrast, the 5-year OS rates were lower for patients receiving other rituximab-based
regimens, including rituximab, R-CVP, or R-Other as first-line therapy. For these groups of
patients, the 5-year OS rates were 0.52 for age 66 to 70 years, 0.52 for age 71 to 75 years,
0.49 for age 76 to 80 years, and 0.48 for age ≥ 81 years. In terms of comorbid conditions,
first-line R-CHOP was slightly less effective for patients with a CCI > 1, for whom the 5year OS rates were 0.71 for CCI ≤ 1 and 0.66 for CCI > 1. The FL stage affected the
performance of first-line R-CHOP, with the 5-year OS rate decreasing from 0.75 (for stage ≤
2) to 0.66 for stage > 2. Although moderate, the histologic type was also influential in the
effectiveness of R-CHOP. The 5-year OS rates were 0.74 for FL grade 1/2 and 0.70 for grade
3. The factors affecting the outcomes for R-CHOP were not as influential in patients
receiving front-line rituximab treatment. The effect of age, CCI, stage, grade, and
performance status on the 5-year OS rates among patients receiving rituximab only as their
first-line therapy were as follows: 0.48 for age 66 to 70 years, 0.50 for age 71 to 75 years,
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0.47 for age 76 to 80 years, and 0.51 for age ≥ 81 years; 0.49 for CCI > 1 and 0.49 for CCI ≤
1; 0.48 for FL stage ≤ 2 and 0.51 for FL stage > 2; 0.50 for grade 1/2 and 0.49 for grade 3;
and 0.50 for favorable performance status and 0.48 for unfavorable performance status.
A total of 3734 patients had received a second-line therapy, and 65% of these patients had
received a subsequent third-line therapy within 2 years of their second-line therapy. The
therapy regimens included rituximab for 750, R-CVP for 198, R-CHOP for 286, and ROther for 356. For these patients, the empirical 2- and 5-year OS rates after second-line
therapy were 83% and 55% for rituximab, 76% and 45% for R-CVP, 77% and 55% for RCHOP, and 75% and 45% for R-Other, respectively.
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Multivariable Cox regression models revealed that the presence of B-symptoms, being
married, and histologic grade 1/2 FL were associated with earlier initiation of the secondline therapy, and age > 85 years was associated with an elevated risk of death after first-line
treatment (Supplemental Table 1; available in the online version). The Cox models also
substantiated that R-CHOP in any treatment line improved OS by reducing the rate of death
after first-, second- and third-line treatment. Compared with the baseline treatment group of
rituximab, first-line R-CHOP reduced the risk of death after first-line treatment (hazard ratio
[HR], 0.60; 95% CI, 0.47–0.77), and improved OS after any subsequent second-line
treatment (HR, 0.40; 95% CI: 0.29–0.53) and third-line treatment (HR, 0.63; 95% CI, 0.53–
0.76). Second- and third-line R-CHOP treatment had a similar positive effect on OS. The
mortality risk was reduced by second-line R-CHOP, with a HR of 0.61 (95% CI, 0.44–0.84)
after second-line therapy and a HR of 0.80 (95% CI, 0.66–0.96) after any third-line
treatment. The mortality risk was also reduced by third-line R-CHOP (HR, 0.81; 95% CI,
0.66–1.00).
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As might be expected, R-CHOP followed by second-line R-CHOP yielded unfavorable
clinical outcomes. Among all the patients who had received first-line R-CHOP and who had
also received second-line therapy, the 2-year mortality rates were as followed: R-CHOP
followed by rituximab, 9.7%; R-CHOP followed by R-CVP, 8%; R-CHOP followed by RCHOP, 17.3%; and R-CHOP followed by R-Other, 12.3% (Table 4). Similarly, the repeated
use of R-CVP (ie, R-CVP + R-CVP) yielded adverse outcomes with the highest 2-year
mortality rate of 21.1% compared with other clinical scenarios, where first-line R-CVP was
followed by another second-line regimen: R-CVP + rituximab, 5.7%; R-CVP + R-CHOP,
0%; and R-CVP + R-Other, 14% (Table 4). In contrast, R-CHOP followed by R-CVP and RCVP followed by R-CHOP both resulted in low 2-year mortality rates (0% and 8%,
respectively; Table 4).

Author Manuscript

Discussion
Currently, no standard of care is available for the initial treatment after the diagnosis of FL
in the United States. The management options have included watchful waiting, single-agent
therapy, combination chemotherapy with immunotherapy, and radiotherapy.25 For instance,
the initial first-line strategies among 2728 patients reported by National LymphoCare cohort
study included watchful waiting for 17.7%, rituximab alone for 13.9%, a clinical trial for
6.1%, radiotherapy for 5.6%, chemotherapy for 3.2%, and rituximab with chemotherapy for
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51.9%.25 Since that report, rituximab plus bendamustine and maintenance rituximab after
chemoimmunotherapy have emerged as other common first-line approaches.5–7 However, no
treatment strategy has demonstrated superior outcomes compared with all alternatives. The
effects of the clinical and biologic data or functional imaging findings on FL outcomes have
been analyzed in a number of studies,6,26–28 and patients with early relapse have been
significantly more likely than patients without early PD to have high FL International
Prognostic Index scores (P = .007)4 and to have worse OS. At present, identifying the subset
of patients at the greatest risk of early PD and the optimal treatment strategies for these
patients remain unmet clinical needs.3 However, few studies have examined the patterns of
care, effect of certain regimens across lines of therapy, or the optimal therapy sequence for
patients with FL who have experienced early PD.

Author Manuscript
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In the present population of 5234 patients, enriched for older patients with FL with an early
initiation of second-line therapy, our analysis revealed that R-CHOP for any treatment line
was associated with the highest OS, and the most favorable effect was achieved when RCHOP was provided as first-line therapy. However, as might be expected, R-CHOP followed
by second-line R-CHOP yielded unfavorable clinical outcomes. One possible explanation
could be the anthracycline toxicity due to doxorubicin. Anthracycline-containing regimens
have been associated with toxicities, including myelosuppression, mucositis, febrile
neutropenia, and cardiomyopathy, especially in older patients, such as the patients included
in our data set. Older individuals with lymphoma have been shown to be especially
vulnerable to cardiac and hematologic toxicity with anthracycline-based therapies.29,30 A
second explanation would be the development of drug resistance with the chemotherapy
rechallenge.31 Studies on the efficacy of anthracycline rechallenge have focused on breast
cancer, and the findings have remained inconclusive.32 Drug resistance would also explain
the unfavorable outcomes seen with repeat use of R-CVP (Table 4). The issue of suboptimal
outcomes with the repetitive use of the same regimen, R-CHOP and R-CVP in particular,
might be addressed by using either R-CHOP or R-CVP as the first-line treatment and the
other as second-line treatment because such treatment sequences have resulted in low 2-year
mortality rates in our analysis of the SEER-Medicare data set.

Author Manuscript

Our study had some limitations. First, we analyzed the effect of first-, second-, and third-line
FL treatment and other factors on OS. A more in-depth analysis could assess the effect of
these factors specifically on FL-associated mortality using the same multistate framework
but distinguishing “death due to FL” and “death from other causes” if the data permitted.
Second, the population examined was older patients with FL that had been enriched for
high-risk patients. Accordingly, the findings might not be directly generalizable to younger
or average-risk patients. Third, novel therapies have been developed for relapsed FL,
including bendamustine,33 obinotuzumab,34 lenalidomide,35,36 ibrutinib,37 and idelalisib,
38–40 which were not directly assessed in the present analysis of patients with a diagnosis of
with FL from 2000 through 2009. Although some of these agents were included in the
category of R-Other (Supplemental Table 3; available in the online version), these
interventions were poorly represented in the present data set and will likely effect future
outcomes.
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Other data-related limitations included that 632 first-line (12%), 552 second-line (15%), and
430 third-line (17%) treatments were unidentified owing to data limitations. Furthermore,
despite our efforts to adjust for the use of rituximab maintenance therapy, we could have had
some patients for whom our method failed to correctly categorize the sequence of treatments
owing to the limitations of the SEER-Medicare data set. Just as with any observational
study, the lack of selection criteria for the choice of R-CHOP and other therapies was
another limitation of the SEER-Medicare data set. Although we conducted several
multivariable Cox regression analyses to assess the effectiveness of R-CHOP and found that
the findings were robust and could not be attributed to another covariate, we could only
account for the factors that were available in the data set. The Cox models accounted for
age, gender, comorbidities, FL prognostic factors, and other demographic covariates known
to influence the outcomes in FL. However, additional unmeasured factors could also have
influenced the treatment selection and confounded the assessment of the relationship
between treatments and outcomes. Although we performed a SEER population-based study,
linkage with the Medicare claims yielded a cohort with a mean age of 76 years. Thus,
caution must be exercised when interpreting these findings for clinical practice, because
individual patient characteristics, such as the existence of comorbidities, will influence the
selection and performance of treatments strategies, especially for older individuals. In these
analyses, we adjusted for comorbidities using the CCI. However, other unmeasured
comorbidities could have influenced the practice patterns and outcomes. Moreover, the lack
of tumor size measures or tumor size-related indications for treatment, such as the Groupe
d’Etude des Lymphomes Folliculaires criteria,41 in the SEER registry or Medicare claims
data sets prevented us from analyzing the effect of tumor burden on outcomes. The inclusion
of such information in disease-specific clinical data collection in cancer registries would
enable further analyses and improve the clarity of the findings from such studies.
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Previous predictive models have focused on the effects of a single line of therapy on a single
outcome of interest such as PFS or OS. However, our model allows us to untangle the effects
of first-line and additional therapies on subsequent treatment progression and factors
pertaining to all-cause death. Knowledge regarding the predictive factors for an earlier
transition to the next line of treatment would provide clinicians with more specific
information to use in the decision-making process and would be particularly valuable for
high-risk, older populations. Age has consistently been an important risk factor for worse FL
outcomes,11,12 and age > 85 years was associated with an elevated risk of death after the
initial (first-line) treatment for this high-risk population. In addition, age > 80 years was
associated with the earlier initiation of third-line treatment, indicating more rapid PD after
second-line therapy for older patients. B-symptoms, as expected, were associated with worse
OS12 and with earlier transitions between therapies. In contrast to previous studies that
identified being married as a significant predictor of improved outcomes in those with FL,42
we found that married status predicted for an earlier initiation of second-line therapy.
Although other analyses have documented the poor outcomes associated with early PD after
first-line chemoimmunotherapy,4 the present study is one of the first to indicate in a large
data set that early PD from second- to third-line therapy is also associated with poor 2- and
5-year OS. However, we acknowledge that our study selected for patients experiencing early
PD after all first-line therapies compared with relapse after chemoimmunotherapy only.4
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However, the prognosis for these patient groups is not necessarily the same. National clinical
trials are now underway for patients with early progression after first-line therapy and their
findings might provide more information on this important issue.

Author Manuscript

In the present study, we modeled the clinical course of FL using a multistate model and the
Aalen-Johansen estimator to estimate the clinical course of FL over time with various
treatments. We also used Cox regression models to quantify the effect of sociodemographic
and clinical factors. Multistate models offer an ideal framework to accurately analyze
survival data with multiple intermediate states and/or multiple endpoints.43 By capturing
different types of events and the relationships between these events separately within the
same model, the multistate modeling framework distinguishes the differential effects of
baseline clinical factors and subsequent treatment events across lines of care and allowed us
to evaluate their distinct influences on the outcomes in more detail. This comprehensive
modeling framework was especially important for the accuracy of our study. Examining
interdependent clinical events within the same model, such as competing risks of OS (ie,
death) and different phases of PFS (ie, across multiple lines of subsequent treatment),
address the biases in estimates that have been demonstrated to occur when the events have
been examined in isolation.44–47 Our use of the large SEER-Medicare claims database was
also critical for our method because the availability of the large data set enabled us to use a
nonparametric method and, hence, avoid potentially unrealistic parametric assumptions on
the clinical course of FL over time.
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Our study has provided the first attempt to examine multiple clinical states beyond diagnosis
for patients with FL using the most contemporary data available in the type of large data set
required to perform this type of analysis. However, despite its strengths in conceptual
design, analysis, and modeling, our study would have significantly benefited from a data set
that included more modern front-line chemoimmunotherapy agents such as bendamustine.
For example, data from the BRIGHT study48 suggested that bendamustine combined with
rituximab produced outcomes equivalent to R-CHOP or R-CVP for patients with previously
untreated advanced stage FL. In addition, data from the Study Group Indolent Lymphomas5
suggested that bendamustine and rituximab improved PFS compared with R-CHOP for
patients with advanced-stage FL receiving first-line therapy. However, because
bendamustine was underrepresented in the present SEER-Medicare data set, we were not
able to conduct further analysis on the effectiveness of treatments that include this agent. To
the best of our knowledge, no existing resource can provide sufficient detailed information
on subsequent lines of therapy after first-line bendamustine plus rituximab treatment and
sufficient follow-up to describe the outcomes. However, because large clinical data sets with
more contemporary treatment strategies, such as the FLASH (Follicular Lymphoma
Analysis of Surrogate Hypothesis) collaboration,49 are now becoming available, we are
optimistic that similar multistate survival analyses will be conducted using these new and
richer data sets to produce more insightful results.

Conclusion
We conducted a multistate survival analysis to study the clinical course of FL with first-,
second-, and third-line treatments and assess the effect of sequential therapy on the
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immediate and subsequent line outcomes. Our analysis revealed that R-CHOP at any line of
treatment improved OS, achieving the most favorable effects when given as the first-line
therapy. Together, these findings suggest that R-CHOP remains an appropriate comparator
for clinical trials involving patients with high-risk FL at any line of therapy compared with
rituximab monotherapy, R-CVP, and R-Other. However, caution must be exercised in the
generalization of the effectiveness of first-line R-CHOP, because the study population
derived from the SEER-Medicare data set, consisting of all patients receiving first-line
therapy, was enriched for older high-risk patients with poor FL outcomes (early PD or
death).

Author Manuscript

The multistate model approach allowed for a more detailed analysis of the effect of clinical
covariates on the phases of care and ensured model accuracy for distinguishing the
endpoints. The utility of this approach is not limited to FL and can be applied to other
clinical situations to inform decision-making on the sequences of therapy when longitudinal
time-to-event data are available for patient populations.
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Clinical Practice Points
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•

No standard treatment is available for patients with high-risk FL, and the
effectiveness of sequential therapies remains unclear.

•

Using a large data set and a multistate model, the present survival analysis
study examined the clinical course of FL with first-, second-, and third-line
treatment.

•

In the present FL population enriched for patients with early PD from first- to
second-line therapy, B-symptoms, being married, and histologic grade 1/2
were associated with earlier initiation of second-line therapy.

•

Early progression from second- to third-line therapy was associated with poor
OS.

•

R-CHOP at any treatment line improved OS, achieving the most favorable
effect when provided as first-line therapy.

•

Our findings suggest that R-CHOP remains an appropriate comparator for
clinical trials involving patients with high-risk FL at any line of therapy
compared with rituximab monotherapy, R-CVP, and other rituximabcontaining treatments (ie, R-Other).

•

Using the same regimen in first- and second-line treatments, in particular RCHOP + R-CHOP and R-CVP + R-CVP, yielded adverse clinical outcomes
with high 2-year mortality rates.
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Figure 1.

Multistate Model for the Clinical Course of Follicular Lymphoma
Abbreviation: TX = treatment line.
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Figure 2.

Consort Flow Diagram Reporting the Number of Patients in Each Analysis
Abbreviations: R-CHOP = rituximab, cyclophosphamide, hydroxydaunorubicin, vincristine;
R-CVP = rituximab, cyclophosphamide, vincristine; R-Maint = rituximab maintenance; ROther = other rituximab-containing regimens; Non-R = treatment without rituximab.
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Figure 3.
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Graph of Occupation Probabilities Stratified by First-line Treatment
Abbreviations: R-CHOP = rituximab, cyclophosphamide, hydroxydaunorubicin, vincristine;
R-CVP = rituximab, cyclophosphamide, vincristine; R-Other = other rituximab-containing
regimens.
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Abbreviations: R-CHOP = rituximab, cyclophosphamide, hydroxydaunorubicin, vincristine; R-CVP = rituximab, cyclophosphamide, vincristine; R-Other = other rituximab-containing regimens; TX1 =
first-line treatment.

Data presented as mean ± standard deviation or percentage.
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Patients, n
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After TX1
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After TX3

Death Within 24 mo, %
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Abbreviations: R-CHOP = rituximab, cyclophosphamide, hydroxydaunorubicin, vincristine; TX = treatment; TX1 = first-line treatment; TX2 = second-line treatment; TX3 = third-line treatment.
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