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Given the paucity of data surrounding the prognostic relevance of circulating

lymphoma (CL) in Waldenströmmacroglobulinemia (WM), we sought to evaluate

the impact of CL at diagnosis on outcomes in patients with WM. Patients were

divided into CL+ and CL- based on the results of flow cytometry. The endpoints

included assessing progression-free survival (PFS), overall survival (OS), and

diagnosis-to-treatment interval (DTI) between the two groups. Among the 308

patients with WM, 69 met the eligibility criteria with 42 and 27 in CL+ and CL-

groups, respectively. The two groups were well balanced in regard to all the

baseline characteristics. The ORR was numerically higher in the CL+ group

compared to the CL-group (81% versus 61%, respectively), however, the CR

+VGPR rates were similar between the two groups. The median PFS was not

significantly different between the two groups (6.3 years in the CL- group versus

not reached [NR] in the CL+ group) regardless of the first-line therapy. There was

no significant difference inmedian OS between the CL- and CL+ groups (13 years

versus NR). Although the median DTI was shorter in the CL+ group compared to

CL- group, the significance was lost in the multivariable analysis. In this study

(largest-to-date) evaluating the impact of CL on outcomes in patients with newly

diagnosed WM, we did not find the prognostic utility of CL in WM. Future studies

should explore the correlation of CL with other biological factors that impact the

outcomes in WM patients.
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Introduction

Waldenström macroglobulinemia (WM) is the most common

subtype of the generally indolent lymphoplasmacytic lymphoma

(LPL) type of B-cell non-Hodgkin lymphoma (NHL) (1). It is

characterized by infiltration of lymphoplasmacytic cells in the

bone marrow and/or spleen and lymph nodes along with excess

IgM monoclonal protein in the peripheral blood (PB) (2).

Mutations of MYD88 and CXCR4 genes are commonly implicated

in WM, and ongoing research seeks to identify other genetic

abnormalities involved in its pathogenesis (3).

Patients with WM present with symptoms related to the

infiltration of malignant cells in specific tissues and or excess IgM

protein in the blood. WM is diagnosed based on evidence of

lymphoplasmacytic infiltration in the bone marrow or lymph

nodes , presence of an IgM spike on serum prote in

electrophoresis, and an abnormal ratio of kappa and lambda

chains on serum free light chain assay (2). A subset of patients

with WM present with circulating lymphoma (CL) cells in the PB at

the time of diagnosis (4–6). However, the prognostic relevance of

CL in WM is unknown. Hence, we sought to evaluate the impact of

CL in patients with newly diagnosed WM.
Methods

Study design

This is a single institution retrospective cohort study of patients

diagnosed with WM in or after 2010. The study was approved by

the institutional review board and was conducted in compliance

with the Declaration of Helsinki. To be eligible, patients must have

received treatment for WM and had PB immunophenotyping via

flow cytometry performed at diagnosis. CL was defined as

detectable clonally restricted B-cells that matched the actual or

expected CD5-CD10- B-cell immunophenotype of LPL. Any

ambiguous cases that did not fit the diagnosis of the WM variant

of LPL (e.g., non-IgM paraprotein and absence of bone marrow

involvement) were excluded.

Demographic and clinical patient data were obtained from the

electronic medical record. Laboratory values were collected for

variables known to be associated with WM prognosis, including

hemoglobin, platelet count, b2-microglobulin, monoclonal IgM,

albumin, and LDH (7, 8). The International Prognostic Scoring

System for WM (IPSSWM) was used to assign a prognostic score

for each patient (7). Treatment response was assessed via The

I n t e r n a t i o n a l Wo r k i n g G r o u p o n Wa l d e n s t r öm

Macroglobulinemia criteria (9).
Study objectives and definitions

Patients who met the study inclusion criteria were classified

based on the presence or absence of CL at the time of diagnosis into

two groups: those with positive PB flow cytometry (CL+) and those
Frontiers in Oncology 02
with negative PB flow cytometry (CL-). The primary endpoint of

this study was to evaluate progression-free survival (PFS) between

the two groups. Secondary endpoints included evaluation of overall

survival (OS) and diagnosis to treatment interval (DTI).

PFS was defined as the time from the start of first-line therapy

until lymphoma relapse/progression or death from any cause,

censoring from the last clinical assessment time. OS was defined

as the time from the start of first-line therapy until death from any

cause or censoring at the last clinical assessment. DTI was defined as

the time from diagnosis to initiation of first-line systemic therapy

Skeletal involvement was defined as any of these findings including

osteopenia, marrow space widening, endosteal erosions, osteolytic

lesions, etc. (10–12) Complex karyotype was defined as the presence

of at least three chromosomal aberrations in at least two cells.
Statistical analysis

Demographic and disease characteristics were summarized

using median and range for continuous variables, and frequency

and percentage for categorical variables, compared among study

groups using the Wilcoxon signed rank test, and Chi-square test, or

Fisher’s exact test, respectively. PFS was estimated using the

Kaplan-Meier method and compared between two groups using

the log-rank test. Cox proportional hazard regression models were

used to estimate the hazard ratios for risk of progression or death.

The multivariable Cox model was built including all the variables

associated with PFS in the univariable model with p<0.10. The

proportional hazard assumption was checked using Schoenfeld

residuals after fitting Cox models. OS was compared using the

log-rank test. Analyses were performed using Stata version 17

(StataCorp, College Station, TX), and all statistical tests were two-

sided with a type 1 error of <0.05 indicating statistical significance.

All estimates were reported with 95% confidence intervals (95% CI).
Results

Baseline characteristics

Among the 308 patients with WM, 87 had flow performed at

diagnosis and after excluding patients who did not meet the

eligibility criteria, 69 cases remained that were included in the

final analysis (see Consort diagram, Figure S1). Among these 42

(61%) had detectable CL at diagnosis. The median age at diagnosis

for all included patients was 63 years. There was male

predomiance and most of the patients were white and had good

performance status (ECOG performance status of 0-1). There were

no statistically significant differences in IgM level, presence of B

symptoms, skeletal or bone marrow involvement, MYD88 or

CXCR4 mutations, or IPSSWM prognostic scores between

the CL+ and CL- groups. 64% of the patients received

immunochemotherapy as first-line therapy relative to 22% who

received rituximab monotherapy. This was not significantly

different between the CL- and CL+ groups. The most commonly
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administered immunochemotherapy was BR (bendamustine and

rituximab) in the current study (n=32), which was numerically

higher in the CL+ group (n=22, 52%) compared to CL- group

(n=10, 37%). The median follow-up was 4.27 years. Table 1 shows

the baseline characteristics of the patient population according to

the presence or absence of CL.
Frontiers in Oncology 03
Hepatitis B and C viral status

There were no cases of positive hepatitis C viral antibody in our

study. While there were no patients with active hepatitis B viral

(HBV) infection based on the serological studies, there were 5

patients (2 in CL+ and 3 in CL-) with positive HBV core antibody
TABLE 1 Baseline Characteristics.

Variable All patients
N=69 (%)

CL-
N=27 (%)

CL+
N=42 (%) P-value

Median age, yrs (range) 63 (40-94) 63 (40-78) 63.5 (45-94) 0.61

Sex 0.93

Male 43 (62) 17 (63) 26 (62)

Female 26 (38) 10 (37) 16 (38)

Race 0.73

White 59 (86) 24 (89) 35 (83)

Black 10 (15) 3 (11) 7 (17)

ECOG PS 0.99

0-1 64 (93) 25 (93) 39 (93)

≥ 2 5 (7) 2 (7) 3 (7)

IgM level 0.58

≤ 1000 19 (28) 9 (33) 10 (24)

1001 – 3000 25 (36) 10 (37) 15 (36)

> 3000 25 (36) 8 (30) 17 (41)

B Symptoms 7 (10) 2 (7) 5 (12) 0.70

Skeletal Involvement 4 (6) 2 (7) 2 (5) 0.64

Bone Marrow Involvement 66 (96) 24 (89) 42 (100) 0.06

MYD88 mutation 0.28

No 14 (28) 7 (37) 7 (23)

Yes 36 (72) 12 (63) 24 (77)

Missing 19 8 11

CXCR4 mutation 0.68

No 20 9 11

Yes 7 (26) 4 (31) 3 (21)

Missing 42 14 28

Low Serum Albumin 19 (28) 7 (27) 12 (29) 0.88

LDH > ULN 18 (27) 4 (15) 14 (33) 0.16

B2M 0.23

Elevated 39 (75) 11 (65) 28 (80)

Not elevated 13 (25) 6 (35) 7 (20)

Missing 17 10 7

Complex karyotype 27 (44) 9 (38) 18 (47) 0.45

(Continued)
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but undetectable HBV DNA level (by PCR). All these patients were

given antiviral prophylaxis (entecavir or tenofovir) during

treatment and for at least 6 months following the last treatment

and 12 months following the last rituximab infusion. None of the

patients in our study had HBV reactivation.
Response rates

The overall response rate (ORR) was 74% (n=51) with 42%

(n=29) achieving a complete response or very good partial response

and 32% (n=22) achieving a partial response. The ORR was

numerically higher in CL+ group compared to CL- group (81%

versus 61%, respectively), while the CR+VGPR rates were

comparable between the two groups (40% versus 42%,

respectively). The breakdown of the response rate between the

CL- and CL+ groups is shown in Table S1.
Frontiers in Oncology 04
Progression-free survival

The median PFS was 6.3 years (95% CI=2.2 to not reached

[NR]) in the CL- group compared to NR in the CL+ group (95%

CI=3.8 to NR), which was not statistically significant (log-rank

p=0.35; Figure 1). The 3- and 5-year PFS estimates in the CL+ group

were 73% (95% CI=55-85%) and 62% (95% CI=43-76%) compared

to 63% (95% CI=40-79%) and 56% (95% CI=33-74%) in the CL-

group, respectively (log-rank p=0.35, Figure 1).

When evaluating the outcomes based on the type of first-line

systemic therapy received, there was no significant difference in

median PFS (in years) between CL+ and CL- groups among those

who received rituximab monotherapy (NR [95% CI: 0.76 to NR] vs

NR [95% CI=0.05 to NR]) (p=0.35, Figure S2A) or rituximab plus

combination chemotherapy (R-chemotherapy) (NR [95% CI=3.10

to NR] vs 6.33 [95% CI=2.16-8.01]) (p=0.20, Figure S2B). In the

univariate Cox model, factors associated with inferior PFS included
TABLE 1 Continued

Variable All patients
N=69 (%)

CL-
N=27 (%)

CL+
N=42 (%) P-value

Prognostic score (IPSSWM) 0.40

0-1 35 (51) 16 (59) 19 (45)

2 18 (26) 7 (26) 11 (26)

3-4 16 (23) 4 (15) 12 (29)

First-line therapy 0.28

Rituximab monotherapy 15 (22) 8 (30) 7 (17)

Immunochemotherapy 44 (64) 17 (63) 27 (64)

Others 10 (14) 2 (7) 8 (19)
fro
Yrs, years; CL, circulating lymphoma; ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; ULN, upper limit of normal; B2M, beta-2-
microglobulin; IPSSWM, International Prognostic Scoring System for Waldenstrom Macroglobulinemia.
FIGURE 1

Progression-free survival after first-line systemic therapy among patients with WM, stratified by presence or absence of circulating lymphoma cells at
diagnosis.
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age and IPSSWM prognostic score. After adjusting for these factors

in a multivariable Cox model, presence of CL was not associated

with significantly inferior PFS (HR=0.50, 95% CI=0.22-1.10,

p=0.08, Table 2). Only IPSSWM (HR=4.42, 95% CI=1.35 – 14.42,

p=0.01, Table 2) remained associated with significantly inferior PFS

in the multivariable analysis.
Frontiers in Oncology 05
Diagnosis to treatment interval

Patients in the CL- group had a significantly longer median DTI

(4.1 months; 95% CI=0.84-21.6) compared to the CL+ group (1.1

months; 95% CI=0.06-0.18) (p=0.048; Figure S3). The percentage of

patients who started treatment at 1 year in the CL+ versus CL-
TABLE 2 Univariate and Multivariable Cox modeling on progression-free survival analysis among patients who received systemic therapy.

Variable Univariate Multivariable

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

Circulating Lymphoma

CL- 1.00 1.00

CL+ 0.69 (0.32 – 1.49) 0.35 0.50 (0.22 – 1.10) 0.08

Age at dx (yrs) 1.04 (1.00 – 1.08) 0.04 1.02 (0.98 – 1.06) 0.38

Sex

Male 1.00 – –

Female 0.90 (0.42 – 1.94) 0.79 – –

Race

White 1.00 – –

Black 0.30 (0.07 – 1.30) 0.11 – –

ECOG PS

0-1 1.00 – –

≥ 2 1.90 (0.56 – 6.40) 0.30 – –

IgM level

≤ 1000 1.00

1001 – 3000 0.50 (0.18 – 1.33) 0.16 – –

> 3000 0.89 (0.37 – 2.15) 0.79 – –

B Symptoms

No 1.00 – –

Yes 0.34 (0.05 – 2.51) 0.29 – –

Albumin Low

No 1.00 – –

Yes 1.03 (0.45 – 2.35) 0.95 – –

LDH > ULN

No 1.00 – –

Yes 1.54 (0.69 – 3.47) 0.30 – –

Elevated B2M

No 1.00 – –

Yes 2.22 (0.65 – 7.60) 0.20 – –

Complex Karyotype

No 1.00 – –

Yes 0.98 (0.44 – 2.17) 0.96 – –

(Continued)
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groups was 83% vs 63%, respectively. CL was associated with a

shorter DTI in the univariate analysis, however, after adjusting for

other factors in the multivariable analysis this association was no

longer significant (Table S2).

Overall survival

There was no significant difference in median OS between the

CL- group (13.0 years; 95% CI=2.4 to NR) and CL+ group (NR; 95%

CI: 6.4 to NR), (p =0.15; Figure 2). The 3- and 5-year OS estimates

in the CL+ group were 94% (95% CI=79-99%) and 86% (95%

CI=67-95%) compared to 71% (95% CI=48-85%) and 65% (95%

CI=41-81%) in the CL- group, respectively (log-rank

p=0.15, Figure 2).
Frontiers in Oncology 06
Discussion

In this retrospective cohort study, we evaluated the impact of

CL at the time of diagnosis in patients with WM and made several

important observations. First, the presence of CL at diagnosis did

not have a significant impact on PFS in WM regardless of the first-

line therapy. Second, there was no significant difference in median

OS between the CL- and CL+ groups. Third, although the median

DTI was shorter in the CL+ group compared to CL- group, there

was no significant difference between the two groups in regard to

the DTI after adjusting for the significant covariates in the

multivariable analysis. To our knowledge, this is the first in-depth

study evaluating the effect of CL (or lack thereof) at diagnosis on

outcomes in patients with WM.
TABLE 2 Continued

Variable Univariate Multivariable

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

Prognostic score (IPSSWM)

0-1 1.00

2 2.96 (1.12 – 7.83) 0.03 2.70 (0.90 – 8.12) 0.08

3-4 4.65 (1.70 – 12.68) 0.003 4.42 (1.35 – 14.42) 0.01

First-line Treatment

Rituximab monotherapy 1.00

Immunochemotherapy 1.56 (0.52 – 4.70) 0.42 1.12 (0.35 – 3.61) 0.85

Others 3.05 (0.84 – 11.13) 0.09 1.54 (0.36 – 6.54) 0.56
fro
Yrs, years; CL, circulating lymphoma; ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; ULN, upper limit of normal; B2M, beta-2-
microglobulin; IPSSWM, International Prognostic Scoring System for Waldenstrom Macroglobulinemia.
FIGURE 2

Overall survival after first-line systemic therapy among patients with WM.
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CL was previously reported in patients with WM (4–6) (Table

S3); however, these studies were limited by a small sample size

precluding detailed analysis. In one study, nine of sixteen patients

with WM had increased PB monoclonal lymphocytes. In that study

patients with CL presented with acute clinical symptoms including

lymphadenopathy and splenomegaly (4) and the authors

hypothesized that disease progression was a major factor leading

to CL, however, this study did not evaluate whether CL was

associated with differences in survival outcomes. In our study, we

found no significant difference in the survival (PFS or OS) between

CL+ and CL- groups. These findings are similar to the recently

reported outcomes in patients with MZL presenting with CL (13).

DTI was previously shown to be an important prognostic factor

in patients with newly diagnosed diffuse large B-cell lymphoma (14)

and mantle cell lymphoma (15) and was associated with adverse

clinical factors. In line with the previously reported studies, shorter

DTI was associated with adverse clinical factors (high IgM level

[>3000], presence of B symptoms, low albumin, presence of

complex karyotype, and intermediate and high IPSSWM) in

patients with newly diagnosed WM in our study. However, in

contrast to those earlier studies (14, 15), DTI did not have a

prognostic utility (in the multivariable analysis) in patients with

newly diagnosed WM.

The study is subjected to the inherent limitations of a

retrospective study design including non-uniform treatment

selection, short follow-up (median follow-up was <5 years), and

performance of PB flow cytometry at diagnosis. We did not collect

information on patients who did not have flow cytometry at

diagnosis precluding our ability to learn the differences between

the patients who had flow checked versus not. Due to the limited

sample size, we could not study the impact of genomic markers on

the outcomes in patients with or without CL.

In conclusion, this is the largest study to date to evaluate the

impact of CL on outcomes in patients with newly diagnosed WM.

In this study, we found that the presence of CL at diagnosis in WM

was not associated with inferior PFS or OS. Future studies should

explore the correlation of CL with other biological factors that

impact the outcomes in patients with WM.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by The Ohio State

University and James Cancer Center. The studies were conducted in

accordance with the local legislation and institutional requirements.

The ethics committee/institutional review board waived the

requirement of written informed consent for participation from

the participants or the participants’ legal guardians/next of kin

because This is a retrospective cohort study.
Frontiers in Oncology 07
Author contributions

AN: Data curation, Writing – original draft. QZ: Formal Analysis,

Writing– review&editing.TV:Writing– review&editing.DB:Writing

– review & editing. YS: Writing – review & editing. WH: Writing –

review&editing.AS:Writing– review&editing.KA:Writing– review&

editing. LA:Writing – review& editing. RB:Writing – review& editing.

KM: Writing – review & editing. DJ: Writing – review & editing. BC:

Writing – review & editing. NE: Conceptualization, Data curation,

Investigation, Methodology, Supervision, Writing – original draft,

Writing – review & editing.
Conflict of interest

NE: Research funding: Beigene; Speakers Bureau for Incyte,

Beigene, and Novartis; Honoraria/consulting/ad boards for Merck,

ADC Therapeutics, Ipsen, and Eli Lilly. TV - Research funding:

Morphosys, Incyte, AstraZeneca, Molecular Templates, Recordati,

Genmab, AbbVie. Honoraria/consulting for Novartis. DB-

Research funding: Novartis, Nurix Therapeutics, Incyte,

Morphosys. Honoraria: SeaGen, Novartis, Nurix, Kite/Gilead. YS:

Research funding: Beigene, Genmab, and Abbvie; Honoraria/

consulting: Epizyme. KM Research Funding BMS, Merck,

Pharmacyclics, Pfizer. Consulting/Advisory for AbbVie, ADC

Therapeutics, AstraZeneca, Beigene, BMS, Celgene, Epizyme,

Genmab, Genentech, Gilead/KITE, Incyte, Lilly, Merck,

Morphosys, Pharmacyclics, SeaGen. BC – Research funding

Genentech, Acerta Millenium Pharmaceuticals, Bristol-Myers

Squibb. DJ – Research/contract funding: Abbvie, Acerta/

AstraZeneca, Pharmacyclics, Novartis, MingSight.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1264387/

full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1264387/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1264387/full#supplementary-material
https://doi.org/10.3389/fonc.2023.1264387
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Nalin et al. 10.3389/fonc.2023.1264387
References
1. Alaggio R, Amador C, Anagnostopoulos I, Attygalle AD, Araujo IBO, Berti E,
et al. The 5th edition of the world health organization classification of
haematolymphoid tumours: lymphoid neoplasms. Leukemia. (2022) 36(7):1720–48.
doi: 10.1038/s41375-022-01620-2

2. Dimopoulos MA, Kyle RA, Anagnostopoulos A, Treon SP. Diagnosis and
management of Waldenstrom’s macroglobulinemia. J Clin Oncol (2005) 23(7):1564–
77. doi: 10.1200/JCO.2005.03.144

3. Hunter ZR, Xu L, Yang G, Zhou Y, Liu X, Cao Y, et al. The genomic landscape
of Waldenstrom macroglobulinemia is characterized by highly recurring MYD88
and WHIM-like CXCR4 mutations, and small somatic deletions associated with B-
cell lymphomagenesis. Blood. (2014) 123(11):1637–46. doi: 10.1182/blood-2013-09-
525808

4. Pettersson D, Mellstedt H, Holm G. Characterization of the monoclonal blood
and bone marrow B lymphocytes in Waldenström’s macroglobulinaemia. Scand J
Immunol (1980) 11(6):593–9. doi: 10.1111/j.1365-3083.1980.tb00027.x

5. Smith BR, Robert NJ, Ault KA. In Waldenstrom’s macroglobulinemia the
quantity of detectable circulating monoclonal B lymphocytes correlates with clinical
course. Blood. (1983) 61(5):911–4. doi: 10.1182/blood.V61.5.911.911

6. Oertel J, Oertel B, Dörken B. Detection of small numbers of cells characteristic for
haematological disorders in peripheral blood (the deep diff). Clin Lab Haematol (2002)
24(2):73–80. doi: 10.1046/j.1365-2257.2002.00434.x

7. Morel P, Duhamel A, Gobbi P, Dimopoulos MA, Dhodapkar MV, McCoy J, et al.
International prognostic scoring system for Waldenstrom macroglobulinemia. Blood.
(2009) 113(18):4163–70. doi: 10.1182/blood-2008-08-174961
Frontiers in Oncology 08
8. Kastritis E, Morel P, Duhamel A, Gavriatopoulou M, Kyrtsonis MC, Durot E, et al.
A revised international prognostic score system forWaldenström’s macroglobulinemia.
Leukemia. (2019) 33(11):2654–61. doi: 10.1038/s41375-019-0431-y

9. Owen RG, Kyle RA, Stone MJ, Rawstron AC, Leblond V, Merlini G, et al.
Response assessment in Waldenstrom macroglobulinaemia: update from the VIth
International Workshop. Br J Haematol (2013) 160(2):171–6. doi: 10.1111/bjh.12102

10. Vermess M, Pearson KD, Einstein AB, Fahey JL. Osseous manifestations of
Waldenström’s macroglobulinemia. Radiology. (1972) 102(3):497–504. doi: 10.1148/102.3.497

11. Rothschild BM, Ruhli F, Rothschild C. Skeletal clues apparently distinguishing
Waldenstrom’s macroglobulinemia from multiple myeloma and leukemia. Am J Hum
Biol (2002) 14(4):532–7. doi: 10.1002/ajhb.10077

12. Epperla N, McKiernan FE, Kenney CV. Radiographic findings in Waldenström’s
macroglobulinemia resembling fibrogenesis imperfecta ossium (FIO): a case report.
Skeletal Radiol (2014) 43(3):381–5. doi: 10.1007/s00256-013-1734-0

13. Annunzio K, Grover NS, Li R, Jones D, Hanel W, Christian B, et al. Impact of
circulating lymphoma at diagnosis on outcomes in patients with marginal zone
lymphoma. Blood. (2022) 140(Supplement 1):3644–5. doi: 10.1182/blood-2022-164892

14. Maurer MJ, Ghesquières H, Link BK, Jais JP, Habermann TM, Thompson CA,
et al. Diagnosis-to-treatment interval is an important clinical factor in newly diagnosed
diffuse large B-cell lymphoma and has implication for bias in clinical trials. J Clin Oncol
(2018) 36(16):1603–10. doi: 10.1200/JCO.2017.76.5198

15. Epperla N, Switchenko J, Bachanova V, Gerson JN, Barta SK, Gordon MJ, et al.
Impact of diagnosis to treatment interval in patients with newly diagnosed mantle cell
lymphoma. Blood Adv (2023) 7(11):2287–96. doi: 10.1182/bloodadvances.2022009225
frontiersin.org

https://doi.org/10.1038/s41375-022-01620-2
https://doi.org/10.1200/JCO.2005.03.144
https://doi.org/10.1182/blood-2013-09-525808
https://doi.org/10.1182/blood-2013-09-525808
https://doi.org/10.1111/j.1365-3083.1980.tb00027.x
https://doi.org/10.1182/blood.V61.5.911.911
https://doi.org/10.1046/j.1365-2257.2002.00434.x
https://doi.org/10.1182/blood-2008-08-174961
https://doi.org/10.1038/s41375-019-0431-y
https://doi.org/10.1111/bjh.12102
https://doi.org/10.1148/102.3.497
https://doi.org/10.1002/ajhb.10077
https://doi.org/10.1007/s00256-013-1734-0
https://doi.org/10.1182/blood-2022-164892
https://doi.org/10.1200/JCO.2017.76.5198
https://doi.org/10.1182/bloodadvances.2022009225
https://doi.org/10.3389/fonc.2023.1264387
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Impact of circulating lymphoma cells at diagnosis on outcomes in patients with Waldenstrom macroglobulinemia
	Introduction
	Methods
	Study design
	Study objectives and definitions
	Statistical analysis

	Results
	Baseline characteristics
	Hepatitis B and C viral status
	Response rates
	Progression-free survival
	Diagnosis to treatment interval
	Overall survival

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


