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Abstract

Clinical management of lymphoplasmacytic lymphoma (LPL)/Waldenström macroglobulinemia 

(WM) has changed considerably over recent years, reflected in the use of new therapeutic agents 

(purine analogs, monoclonal antibodies, thalidomide- and bortezomib-based therapies). No 

population-based studies and few randomized trials have been performed to assess survival in 

newly diagnosed LPL/WM. We performed a large population-based study in Sweden including 

1,555 LPL/WM patients diagnosed from 1980 to 2005. Relative survival ratios (RSRs) and excess 

mortality rate ratios (EMRR) were computed as measures of survival. Survival of LPL/WM 

patients has improved significantly (P = 0.007) over time with 5-year RSR = 0.57 (95% 

confidence interval [CI] 0.46–0.68), 0.65 (0.57–0.73), 0.74 (0.68–0.80), 0.72 (0.66–0.77), and 0.78 

(0.71–0.85) for patients diagnosed during the calendar periods 1980–1985, l986–1990, 1991–

1995, 1996–2000, and 2001–2005, respectively. Improvement in 1- and 5-year relative survival 

was found in all age groups and for LPL and WM separately. Patients with WM had lower excess 

mortality compared to LPL (EMRR = 0.38; 95% CI 0.30–0.48). Older age at diagnosis was 

associated with a poorer survival (P < 0.001). Taken together, we found a significant improvement 

in survival in LPL/WM over time. Despite this progress, new effective agents with a more 

favourable toxicity profile are needed to further improve survival in LPL/WM, especially in the 

elderly.
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Introduction

Lymphoplasmacytic lymphoma (LPL)/Waldenström macroglobulinemia (WM) is a rare 

chronic lymphoproliferative malignancy with a reported annual incidence rate of three to 

four cases per million people [1–3]. WM is a subset of LPL and defined as LPL with bone 

marrow involvement and a detectable monoclonal IgM spike in serum [1].

Clinical management of LPL/WM has changed considerably over recent years, reflected in 

the use of new therapeutic agents (such as purine analogs, monoclonal antibodies, 

thalidomide-, and bortezomib-based therapies), stratification of treatments, as well as 

improvement in supportive care measures [4–6]. Due to the rarity of LPL/WM, few large 

phase III randomized clinical trials have been performed to compare different treatment 

strategies and estimate overall survival. Median overall survival has varied in different 

series, ranging from 60 to 120 months [4,7–14]. Treatment of LPL/WM is mainly based on 

results from phase II trials and expert recommendations [5,6]. Clinical trials are associated 

with a varying degree of patient selection, especially in the elderly population. One study, 

including 345 symptomatic patients found no improvement in outcome over a 25-year 

period [15]. Population-based studies of trends in relative survival are a valuable 

complement to randomized clinical trials to determine the impact on survival of the 

introduction of new treatment strategies.

We have conducted a large population-based cohort study including 1,555 LPL/WM patients 

diagnosed in Sweden 1980–2005 (with follow-up through 2007). The aims of the study were 

to define LPL/WM survival patterns in the Swedish population and relate the findings to 

newly introduced therapeutic agents in the population.

Patients and Methods

Details of the study population have been described previously [16]. In brief, Sweden 

provides universal medical health care for the entire population, which is currently 

approximately 9.5 million people. In contrast to many other Western countries, patients with 

lymphoproliferative malignancies in Sweden are typically diagnosed, treated, and followed 

clinically by physicians at hospital-based hematology or oncology units.

Since 1958, all physicians, pathologists, and cytologists in Sweden are obliged by law to 

report each patient with cancer they diagnose or treat to the centralized nationwide Swedish 

Cancer Registry. In a recent validation study that focused on lymphoproliferative 

malignancies diagnosed from January 1, 1964, through December 31, 2003, we found the 

overall completeness and diagnostic accuracy of the registry to be greater than 90% [17]. For 

WM, the diagnostic accuracy was 93% but the completeness was 68%. To compensate for 

the lower completeness, we used parallel approaches to establish a representative Swedish 

LPL/WM cohort [16]. First, we identified all LPL/WM patients who were diagnosed from 

January 1, 1980, through December 31, 2005, in the nationwide Swedish Cancer Registry. 

Second, we retrieved information on patients with incident LPL/WM through our national 

network including all major hematology or oncology units in Sweden. By using these 
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sources, we created a nationwide LPL/WM cohort including both symptomatic and 

asymptomatic patients.

Using the nationwide Cause of Death Registry, we obtained information on date of death for 

all LPL/WM who had died up to December 31, 2007. Information on the number of stem 

cell transplantations in LPL/WM patients reported from Swedish centers during the study 

period was obtained from the European Group for Blood and Marrow Transplantation 

(EBMT) register.

Approval was obtained from the Karolinska Institutional Review Board for this study. 

Informed consent was waived because we had no contact with study subjects. An exemption 

from Institutional Review Board review was obtained from the National Institutes of Health 

Office of Human Subjects Research because we used existing data without personal 

identifiers.

Statistical Analysis

Relative survival ratios (RSRs) were computed as measures of LPL/WM survival [18]. RSRs 

provide a measure of total excess mortality associated with a diagnosis of LPL/WM. 1-, 5-, 

10-, and 15-year RSR can be interpreted as the proportion of patients who survived their 

LPL/WM at 1, 5, 10, and 15 years, respectively. Relative survival is defined as the observed 

survival in the group of patients (in which all deaths are considered events) divided by the 

expected survival of a comparable group from the general population, which is assumed to 

be free of the condition in question. Expected survival was estimated using the Ederer II 

method from Swedish population life-tables stratified by age, sex, and calendar period. 1-, 

5-, 10-, and 15-year RSR were calculated for the calendar periods: 1980–1985, 1986–1990, 

1991–1995, 1996–2000, and 2001–2005, and five age categories (<50, 50–59, 60–69, 70–

79, and >80 years old). Poisson regression was used to model the effect of age at diagnosis, 

sex, calendar year at diagnosis, and subtype (LPL vs. WM) on the excess mortality rate ratio 

(EMRR). Time since diagnosis was used as the underlying time scale in all analyses. The 

first 2 years of follow-up were split into 1-year time bands whereas the remaining 8 years of 

follow-up were split into 2-year time bands prior to modeling. The estimates from this 

model are interpreted as EMRR; an EMRR of 1.5, for example, for males/females indicates 

that males experience a 50% higher excess mortality rate than females. Likelihood ratio tests 

were used to formally assess statistical significance of the variables used in the models 

(including possible interaction effects). The proportional hazards assumption was assessed 

by including interaction terms between the different variables considered and follow-up 

time. All calculations were performed using Stata (StataCorp 2009 Stata Statistical 

Software: Release 11, College Station, TX, StataCorp LP).

Results

A total of 1,555 patients with LPL/WM (755 LPL and 800 WM) were included in the study. 

The median age at diagnosis was 72 years (range 18–97 years). Males constituted 57.9% of 

the LPL/WM patients (Table I). The cancer registry was the major contributor of patients to 

the study after 1990, whereas the hospital-based cohort was the most common source before 
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1990. A total of six stem cell transplantations (five allogeneic and one autologous) for 

LPL/WM patients were reported to the EBMT register during the study period.

Survival trends by calendar period

Cumulative RSR for all LPL/WM patients is shown in Fig. 1. 1- and 5-year RSR improved 

significantly for the complete cohort during the study period (Fig. 1). The 1-year RSR 

estimates were 0.78, 0.90, 0.87, 0.89, and 0.93, for the calendar periods 1980–1985, 1986–

1990, 1991–1995, 1996–2000, and 2001–2005, respectively. The corresponding 5-year RSR 

estimates for the five calendar periods were 0.57, 0.65, 0.74, 0.72, and 0.78, respectively. 

The 10-year RSR estimates could only be computed for the first four calendar periods; the 

estimates were 0.48, 0.56, 0.54, and 0.49, respectively. Fifteen-year RSR estimates could 

only be computed for the first three periods and were 0.41, 0.38, and 0.37, respectively (Fig. 

1). Patients diagnosed in the last (2001–2005) calendar period had a significantly lower 

excess mortality (EMRR = 0.67, 95% CI 0.47–0.96) compared to patients diagnosed 1991–

1995 (Table II). There was some evidence that the effect of calendar period was not 

proportional throughout the 10 years of follow-up (P for interaction = 0.022).

Survival trends by age

Older age at diagnosis was associated with a higher excess mortality (Table II and Figs. 2, 

3). Patients diagnosed at an older age (>80 years) had a 2.25-fold (95% CI 1.68–3.03) higher 

excess mortality compared to patients diagnosed at 60–69 years (Table II). Patients 

diagnosed at younger age (<50 years) had a significantly lower excess mortality compared to 

patients diagnosed at 60–69 years (EMRR = 0.46; 95% CI 0.28–0.76). There was no 

evidence that the effect of age was modified by calendar time (P for interaction = 0.288), sex 

(P for interaction = 0.679), or subtype (P for interaction = 0.280). Improvement in 1- and 5-

year RSR was observed in all age groups (Fig. 3), for example, in patients diagnosed at 80 

years or older, an improvement in 5-year RSR was observed during the calendar periods, 

being 0.26, 0.53, 0.50, 0.66, and 0.70, respectively (Fig. 3).

Survival trends by subtype

We found WM patients to have a significantly lower excess mortality rate compared to 

patients with LPL (EMRR = 0.38; 95% CI 0.30–0.48; Table II and Fig. 4). There was no 

evidence that the effect of subtype was modified by any other variable in the model (P for 

interaction with sex = 0.992, P for interaction with age = 0.280, P for interaction with 

calendar period = 0.218).

Survival trends by sex

We found a significantly reduced (EMRR = 0.79, 95% CI 0.64–0.97) excess mortality rate 

for females compared to males (Table II). There was no evidence that the effect of sex (with 

females having better survival than males), differed by age at diagnosis (P for interaction = 

0.679) or calendar period (P for interaction = 0.376).

Kristinsson et al. Page 4

Am J Hematol. Author manuscript; available in PMC 2020 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion

In this large study on survival among more than 1,500 LPL/WM patients, we show that 

survival has improved in recent years, with improvements observed for all age groups in 

both 1-year and 5-year relative survival. We found LPL/WM patients diagnosed after the 

year 2000 to have a lower excess mortality than patients diagnosed before. The underlying 

explanation for this is multifactorial but mainly involves introduction of new effective 

therapies as well as improvement in supportive care.

The introduction of combination therapy as well as novel therapeutic agents such as 

rituximab has probably contributed to the improvement in survival observed in our study. 

Initiation of therapy in early stage patients has not been shown to prolong survival, allowing 

asymptomatic patients to be followed clinically without treatment [3,8,10]. First line 

treatment of symptomatic WM patients has traditionally been based on single-agent therapy 

with alkylating agents (chlorambucil, cyclophosphamide) or later purine analogs 

(fludarabine, cladribine) [19–21]. These agents can be used in older individuals and have 

response rates of 30–80% depending on whether used as primary treatment or in relapsed 

disease. Very few complete remissions are observed. The impact of stem cell 

transplantations on improvement in survival in our study is limited due to the low number of 

these procedures performed in Sweden during the study period. Recently, the anti-CD20 

antibody rituximab has been shown to have single agent activity and induce responses in 

almost half of WM patients [22]. There are, however, no data from prospective randomized 

studies to guide the choice between alkylating agents, nucleoside analogs, and rituximab for 

first line therapy of WM. During recent years, combination therapies with rituximab have 

resulted in good overall response rates but low complete response rates [23,24]. Newer 

therapies, including thalidomide and bortezomib have shown encouraging results; however, 

they were introduced during the last calendar period of this study and may have only a 

marginal effect on survival in this study [25–29]. Studies evaluating the effect of autologous 

stem cell transplantation in LPL/WM have been promising with low toxicities and high 

response rates [5,30–34]. However, randomized clinical trials are lacking. In a study from 

Germany, comparing WM patients treated in private oncology practices versus university 

hospital, a trend toward an improvement in survival was found in WM patients treated with a 

rituximab-containing first-line therapy [35]. However, our findings are in contrast to that 

reported by Kastritis et al. [15], who found no improvement in survival when comparing 

survival of 130 WM patients diagnosed 1985–1999 to 215 diagnosed after the year 2000. 

That study in contrast to ours, included only symptomatic patients, the follow-up for patients 

diagnosed after 2000 was only 39 months, and as pointed out by the authors, a longer 

follow-up is probably needed. In addition, the Greek study is not population-based and thus 

subject to referral/selection bias, as reflected in a much higher number of patients diagnosed 

during the last 10-year period (215 patients) compared to the 15 years before the year 2000 

(130 patients). Taken together, the increase in available agents in the armamentarium in the 

treatment if LPL/WM patients have probably contributed to the improvement in survival 

LPL/WM patients in our study, during recent years.

An important consideration when interpreting our findings is the potential effect of lead time 

bias due to early LPL/WM detection. This issue is raised by a possible increase in the 
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number of serum electrophoresis performed and change in diagnostic criteria over time. To 

help address this question, we recently conducted a nationwide validation study on WM 

cases (n = 91) diagnosed in Sweden in the period 1964–2003. In that study, there was 32% 

under-reporting of WM cases to the Swedish Cancer registry [17]. When we examined this 

in greater detail, we observed that under-reporting was constant over time and present in all 

calendar periods; it particularly occurred with elderly LPL/WM patients. Importantly, in this 

study, there was also a significant improvement in survival between the two last calendar 

periods (1996–2000 and 2001–2005). We recently analyzed medical charts from 137 

patients with LPL/WM diagnosed at the Karolinska University Hospital. We found that the 

proportion of asymptomatic patients did not increase between the calendar period 1996–

2000 and 2001–2005. Furthermore, when comparing the last two calendar periods, the 

incidence of LPL/WM has not increased. Since we observed an improvement in survival 

between these two periods, we do not consider lead-time bias as a major contributor to our 

findings. When taken together, we believe these data do not suggest that lead time bias is a 

major explanation for the improved survival we have observed in LPL/WM.

Clinical studies have shown age to be an important predictor of prognosis, with younger 

patients having a better survival [8]. The underlying factors are probably a combination of 

contributing factors such as comorbidity, more advanced disease at diagnosis, and the fact 

that elderly patients are not able to tolerate aggressive treatment. Importantly, even the oldest 

patient category improved their survival over time, indicating that despite having a poorer 

survival compared to younger patients, the improvement in management of elderly LPL/WM 

patients has also been beneficial for these patients. This has not been observed for example 

in population-based studies on multiple myeloma patients [36].

Compared to LPL patients, WM patients had a 62% lower excess mortality. The underlying 

explanations are probably multifactorial. Splenomegaly and lymphadenopathy are more 

frequently seen in LPL compared to WM patients. These are associated with anemia and low 

albumin, which are known to be associated with worse prognosis [8,14]. There may be a 

difference in the biology of these two entities, with LPL patients responding worse to 

treatment compared to WM patients. For instance, using fluorescent in situ hybridization 

analysis, LPL tumor cells have frequent t(9;14)(p13;q32) translocations, while WM tumor 

cells appear to be diploid or near diploid and often have deletions of 6q21 [37]. The 

differences in outcome for LPL and WM should be interpreted with some caution due to the 

lack of detailed clinical information. In this study, we combined the two entities based on 

previous studies that have shown that up to 90% of LPL patients have an M-protein thus 

fulfilling the criteria of WM [6]. As we have no information on whether electrophoresis was 

performed or if the patients had an M-protein it is possible that a substantial proportion of 

the LPL patients were reported by the pathologists as LPL although they had an M-protein 

and should thus have been classified as WM. This needs to be clarified in future studies.

We found a consistently better survival for women when adjusted for age and calendar 

period. Similar observations have been made in other hematologic malignancies, but the 

underlying mechanisms are unknown [36,38]. Possible explanations to this finding are 

different clinical stage at diagnosis, co-morbidity, and different distribution of prognostic 

factors among males and females.
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Our study has several strengths, including its large size and high-quality data from Sweden 

in a stable population with access to standardized universal medical health care during the 

entire study period. Through our efforts at combining multiple sources, we believe we have 

assembled a cohort comprising almost all patients diagnosed with LPL/WM during the study 

period. Furthermore, the use of the nationwide register-based case-control design rules out 

recall bias and avoids the selection bias inherent in comparison of clinical trials from 

different time periods.

Limitations of our study include lack of clinical data, which does not allow risk assessment 

by stage, lack of information on whether patients were symptomatic or not, and absence of a 

systematic blinded validation of all LPL/WM diagnoses. Because of the large study size, we 

were not able to validate individual medical records. An inherent limitation of our study, 

which includes patients who were diagnosed with LPL/WM during a 25-year study period, 

is that diagnostic criteria have changed over time. However, in our large nationwide study on 

the ascertainment and diagnostic accuracy of lymphoproliferative malignancies that were 

diagnosed in Sweden, we found that the diagnostic accuracy for LPL/WM was 93% [17]. 

Furthermore, due to the underreporting of LPL/WM to the cancer registry, we used two 

sources for capturing cases. These were not evenly distributed through the study period 

which may bias our results. However, as the distribution was stable after 1990, we 

performed sensitivity analyses based only on LPL/WM patients diagnosed after 1990 and 

found virtually the same results. In addition, there was no evidence for confounding by 

source.

In conclusion, we observed a continuous improvement over time during a 25-year period in 

LPL/WM patients. Although the greatest improvement was observed from calendar periods 

1980–1985 to 1986–1990, the improvement has continued into the last calendar period 

(2001–2005). We have no information on the treatment of individual patients but one can 

speculate that both better supportive care and introduction of more effective treatment 

regimens have contributed. Based on our improved understanding of the biology of 

monoclonal gammopathies, the paradigm for treatment has dramatically changed, and a 

number of novel therapeutic agents are now available. An increase in the use of novel agents 

and combination therapies is promising for LPL/WM patients and the effect on survival 

needs to be evaluated in future population-based studies. Indeed, the success of targeted 

therapy in multiple myeloma has led to the development and investigation of over 30 new 

compounds in multiple myeloma and in other plasma-cell dyscrasias including WM. 

Increased knowledge on risk stratifications and optimization of combination of new 

therapies is needed. Novel drug developments in phase I/II studies, in parallel with 

collaborative randomized phase III clinical trials, are warranted in this rare disease.
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Figure 1. 
Cumulative relative survival of LPL/WM patients, stratified by calendar period at diagnosis. 

[Color figure can be viewed in the online issue, which is available at 

wileyonlinelibrary.com.]

Kristinsson et al. Page 10

Am J Hematol. Author manuscript; available in PMC 2020 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://wileyonlinelibrary.com


Figure 2. 
Cumulative relative survival of LPL/WM patients, stratified by age at diagnosis. [Color 

figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 3. 
1-, 5-, 10-, and 15-year RSRs of LPL/WM patients, by age at diagnosis and calendar period. 

[Color figure can be viewed in the online issue, which is available at 

wileyonlinelibrary.com.]
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Figure 4. 
Cumulative relative survival of LPL and WM patients. [Color figure can be viewed in the 

online issue, which is available at wileyonlinelibrary.com.]
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TABLE II.

Excess Mortality Ratios and 95% CI During the First 10 Years After LPL/WM Diagnosis, Stratified by 

Calendar Period at LPL/WM Diagnosis, Age Group, Sex, and Disease Entity

EMRR
a 95 % CI

Year of diagnosis

 1980–1985 1.72 (1.21–2.44)

 1986–1990 1.38 (0.99–1.93)

 1991–1995
b 1.00 –

 1996–2000 1.01 (0.78–1.31)

 2001–2005 0.67 (0.47–0.96)

Age at diagnosis

 < 50 years 0.46 (0.28–0.76)

 50–59 years 0.77 (0.55–1.08)

 60–69 years
b 1.00 –

 70–79 years 1.29 (0.99–1.68)

 >80 years 2.25 (1.68–3.03)

Sex

 Male
b 1.00 –

 Female 0.79 (0.64–0.97)

Subtype

 LPL
b 1.00 –

 WM 0.38 (0.30–0.48)

Abbreviations: EMRR, excess mortality rate ratio; LPL, lymphoplasmacytic lymphoma; WM, Waldenström macroglobulinemia.

a
Adjusted for calendar year, sex, age at diagnosis, follow-up time and subtype.

b
Baseline category.
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