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Abstract

Bone marrow involvement in B-cell non-Hodgkin lymphoma is an adverse prognostic fac-
tor; therefore, its detection is necessary at the time of diagnosis and during follow-up. This
study evaluates the concordance between flow cytometry (FC) and bone marrow biopsy
(BMB) in detecting bone marrow involvement in B-cell non-Hodgkin lymphomas as well as
their prognostic relevance in a Chilean cohort. A total of 202 samples from 172 patients with
diffuse large B-cell (DLBCL), follicular (FL), marginal-zone (MZL), and mantle cell (MCL)
lymphoma were retrospectively analyzed; all patients underwent simultaneous BMB and
FC. Bone marrow involvement was identified in 29% of samples via BMB and in 40% via
FC, with an overall concordance of 89% (kappa: 0.75), which was lower in mantle cell
lymphoma. Eleven percent of cases showed BMB-FC+ discordance, generally associated
with low tumor burden. In survival analyses, the BMB+/FC+ group exhibited shorter
overall and progression-free survival, and concordant involvement was associated with a
higher risk of mortality and progression, particularly among patients with an intermediate
or high IPI. Involvement detected exclusively by FC did not have a significant prognostic
impact. These findings support the role of FC as a complementary or alternative diagnostic
tool in settings with limited resources, improving sensitivity for detecting bone marrow
involvement without compromising clinical relevance.

Keywords: bone marrow involvement; biopsy; flow cytometry; non-Hodgkin lymphoma;
diffuse large B-cell lymphoma; follicular lymphoma; marginal-zone lymphoma; mantle
cell lymphoma

1. Introduction
Non-Hodgkin lymphomas (NHLs) comprise a broad and heterogeneous group of

malignant neoplasms derived from mature lymphoid cells, 85–90% of which originate
from B cells [1,2]. Their diagnosis relies on the integration of clinical, morphological,
immunophenotypic, genetic, and molecular information [3]. In Chile, the most frequent
B-cell lymphoma subtypes include diffuse large B-cell lymphoma (DLBCL), follicular
lymphoma (FL), marginal-zone lymphoma (MZL), and mantle cell lymphoma (MCL) [4].
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Bone marrow (BM) involvement in B-cell NHL has been associated with advanced
disease stages and observed in approximately 20–40% of cases in Latin American stud-
ies [5,6], with considerable variability across subtypes (e.g., around 10–30% for DLBCL,
and the rate for indolent lymphomas such as FL ≈ 40–70%). Its detection may influence
therapeutic strategies in certain cases [7–9]. Traditionally, the diagnosis is based on a
bone marrow biopsy (BMB), an invasive procedure associated with patient discomfort and
potential complications. Therefore, imaging techniques such as positron emission tomogra-
phy/computed tomography (PET-CT) scans are increasingly used in clinical practice [10];
however, their use is limited in the public healthcare setting. In this context, bone marrow
aspiration with flow cytometry (FC) represents a less invasive and complementary method
for detecting bone marrow infiltration that can be performed on aspirated bone marrow
obtained at the same time as a BMB, providing faster results at a potentially lower cost [11].
Although the concordance between both techniques is high (60–80%) [12,13], the broader
implementation of FC for this purpose in routine clinical practice remains limited.

This report describes the experience of a Chilean public center regarding the con-
cordance between FC and BMB in the diagnosis of BM involvement in B-cell NHL as
well as the prognostic significance of BM infiltration across the main B-cell non-Hodgkin
lymphoma subtypes.

2. Results
2.1. Patients, Demographics, and Clinical Characteristics

A total of 202 samples from 172 patients were included, 84 (49%) of whom were male,
and the mean age of the overall population was 61 years (range: 18–91). Of the total
number of samples, 133 were collected at diagnosis, and 69 were collected during follow-
up. At diagnosis, 58% of patients presented B symptoms, and 67% showed extranodal
involvement, most commonly with one or two sites affected. Seventy-five percent of
patients were in advanced stages (Ann Arbor III–IV) and had an intermediate–high or high
International Prognostic Index (IPI). The characteristics of the cohort are summarized in
Table 1.

Table 1. Baseline demographic and clinical characteristics of the study cohort.

Characteristic n (%)

Patients 172

Mean age (range) years 61 (18–91)

Male sex 84 (49)

B symptoms (%) 99 (58)

Extranodal involvement 115 (67)

Ann Arbor stage
Stage I 17 (10)
Stage II 24 (14)
Stage III 26 (15)
Stage IV 98 (57)

NC 7 (4)

IPI (%)
Low 41 (24)

Low–intermediate 58 (34)
High–intermediate 36 (21)

High 30 (17)
NC 7 (4)

NC, not classified; IPI, International Prognostic Index.
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Of all the samples, 90 (45%) corresponded to DLBCL, 48 (24%) corresponded to FL,
32 (16%) corresponded to MCL, and 30 (15%) corresponded to MZL.

2.2. Concordance Between Flow Cytometry and Bone Marrow Biopsy

Overall, bone marrow infiltration was detected in 58 of 202 samples (29%) via BMB
and in 81 of 202 samples (40%) via FCM (p = 0.016). A total of 23 of 202 samples (11%)
showed discordant results, all of them BMB-FCM+, with a mean infiltration of 0.44%
(range: 0.003–3%), which is significantly lower than the 22.33% (range: 0.01–90%) observed
in BMB+/FCM+ cases (p < 0.0001). Most discordant cases were detected at the time of
diagnosis (16/23) (p = 0.54).

The overall concordance between both techniques for detecting bone marrow involve-
ment was 89% (179/202), with a Kappa index of 0.75 (substantial). According to histological
subtype, substantial concordance was observed for MZL, 90% (κ = 0.80); DLBCL, at 92%
(κ = 0.73); and FL, at 88% (κ = 0.73). In the case of MCL, concordance was moderate, at
78% (κ = 0.47). A summary of the concordance between flow cytometry and bone marrow
biopsy is presented in Table 2.

Table 2. Concordance between bone marrow biopsy (BMB) and flow cytometry (FC) according to
histological subtype.

Histology (%) BMB+/FC+ BMB-/FC- BMB-/FC+ Total Concordance
(Kappa)

DLBCL 12 (13.3) 71 (78.9) 7 (7.8) 90 (44.6) 92% (κ = 0.73)

FL 14 (29.2) 28 (58.3) 6 (12.5) 48 (23.8) 88% (κ = 0.73)

MCL 20 (62.5) 5 (15.6) 7 (21.9) 32 (15.8) 78% (κ = 0.47)

MZL 11 (36,7) 16 (53.3) 3 (10) 30 (14.9) 90% (κ = 0.8)

NC 1 (50) 1 (50) 0 (0) 2 (0.99) - *

Total 58 (28.7) 121 (59.9) 23 (11.4) 202 (100) 89% (κ = 0.75)
BMB, bone marrow biopsy; FC, flow cytometry; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma;
MCL, mantle cell lymphoma; MZL, marginal zone lymphoma; NC, not classified; κ, kappa index. * Kappa was
not calculated for the NC subgroup because of the very small sample size (n = 2).

2.3. Clinical Outcomes in the Overall Cohort

In the overall cohort, the median overall survival (OS) was 105 months, while the
median progression-free survival (PFS) was 55 months (95% CI: 34.6–75.4). The median OS
for the BMB+/FC+ group was 64 months (95% CI: 27.7–100.3), whereas the median OS for
the BMB-/FC+ and BMB-/FC- groups was not reached. The median PFS for the BMB+/FC+,
BMB-/FC+, and BMB-/FC- groups was 23 months (95% CI: 12.2–33.8), 55 months (95% CI:
15.8–94.2), and 101 months (95% CI: 76.1–125.9), respectively. The BMB+/FC+ group
showed significantly shorter OS and PFS compared with the BMB-/FC- group (log-rank
p = 0.006 and p < 0.001, respectively) (Figure 1a,b). Bone marrow infiltration detected
exclusively via FC (BMB-/FC+) did not show prognostic significance for OS compared
with the other groups (p = 0.43 and p = 0.28, respectively). However, for PFS, this subgroup
showed a statistically significant difference when compared with the infiltrated group
(BMB+/FC+) p = 0.038.
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Figure 1. Cont.
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Figure 1. Kaplan–Meier survival curves according to bone marrow involvement assessed via BMB
and FC: (a) OS of non-infiltrated (BMB-FC-), discordant (BMB-/FC+), and infiltrated (BMB+/FC+)
patients; (b) PFS of non-infiltrated (BMB-/FC-), discordant (BMB-/FC+), and infiltrated (BMB+/FC+)
patients; (c) OS considering discordant cases among the non-infiltrated patients; and (d) PFS consid-
ering discordant cases among the non-infiltrated patients.

Reclassifying BMB-/FC+ cases as BMB-/FC- resulted in better separation of the
survival curves than when they were classified as positive (OS p = 0.008 and PFS p < 0.001).
(Figure 1c,d)
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2.4. Clinical Outcomes According to Histological Subtype

In regard to FL, patients in the BMB+/FC+ group showed significantly shorter OS
(p = 0.039) and PFS (p < 0.001) compared with the BMB-/FC- group (Supplementary Ma-
terial Figure S1). In the remaining histological subtypes, bone marrow involvement did
not demonstrate a statistically significant prognostic impact (Supplementary Material
Figures S2–S4).

2.5. Univariate and Multivariate Analysis

In the univariate analysis, bone marrow infiltration (BMB+/FC+) was associated with
a significantly increased risk of both mortality and disease progression compared with
the BMB-/FC- group (OS: HR = 1.96; 95% CI 1.18–3.27; p = 0.01; PFS: HR = 2.60; 95% CI
1.69–4.00; p < 0.0001).

In the multivariate analysis, which included diagnostic concordance and IPI values,
patients without bone marrow infiltration (BMB-/FC-) showed a progressive increase in the
risk of both OS and PFS as the IPI category increased. For OS, the intermediate-risk group
(including both low and high categories) had an HR of 2.45 (95% CI 1.08–5.55; p = 0.032),
and the high-risk group had an HR of 3.71 (95% CI 1.47–9.36; p = 0.005). For PFS, the HRs
were 2.10 (95% CI 1.10–3.99; p = 0.024) and 3.59 (95% CI 1.70–7.58; p = 0.001), respectively.
In the BMB+/FC+ group, an additional increase in risk was observed. The remaining
variables included in the model did not reach statistical significance (p > 0.05). A summary
of the multivariate analysis is presented in Table 3.

Table 3. Multivariate regression model of bone marrow involvement and IPI scores for OS and PFS.

Overall Survival Progression Free Survival

Concordance IPI HR (95% CI) p-value IPI HR (95% CI) p-value

BMB_/FC_
Low

Intermediate
High

1 (Ref)
2.45

(1.08–5.55)
3.71

(1.47–9.36)

-
0.032
0.005

Low
Intermediate

High

1 (-)
2.10

(1.10–3.99)
3.59

(1.70–7.58)

-
0.024
0.001

BMB+/FC+
Low

Intermediate
High

1.64
(0.95–2.84)

4.02
(1.03–15.76)

6.08
(1.40–26.58)

0.077
0.176
0.005

Low
Intermediate

High

2.03
(1.27–3.24)

4.26
(1.40–12.93)

7.29
(2.16–24.56)

0.003
0.038
0.001

BMB, bone marrow biopsy; FC, flow cytometry; IPI, International Prognostic Index; HR, hazard ratio; CI,
confidence interval.

3. Discussion
The results of this study highlight the high diagnostic concordance between FC and

BMB (89%) for the detection of bone marrow involvement in B-cell lymphomas at diagnosis
or during follow-up, findings consistent with previously published rates (69–92%) [12–16].
Sorigué et al. conducted a systematic review assessing agreement using Cohen’s kappa
in B-NHL, stratified by histological subtype, reporting overall concordance within the
substantial range (0.65–0.73). We found slightly higher values, with a kappa of 0.75. When
analyzing by histology, we again observed concordance levels above those previously
reported, particularly in regard to DLBCL, for which we obtained a kappa of 0.73 (substan-
tial), higher than the 0.38–0.59 range described by Sorigué et al. In contrast, MCL exhibited
the lowest concordance (kappa: 0.47), whereas the literature reports values ranging from
0.56 to 0.73 [17]. The scarcity of studies evaluating concordance between FC and BMB by
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histological subtype, especially in Latin America, underscores the relevance of our series.
Taken together, these results support the clinical use of FC as a complementary method
with respect to BMB.

Discordance between FC and BMB reached 11%, corresponding exclusively to cases
determined to be positive via FC and negative via BMB. This proportion is comparable
to that reported by Kim B. et al. (8.5%), a difference that may be partly explained by
the higher technical resolution of the eight-color FC used in our study compared with
the six-color assay used in theirs [16]. Ramanlingam et al. reported a discordance of
12% using a 10-color FC and also found no statistically significant difference between
the tumor burdens of BMB+/FC+ and BMB_/FC+ cases, suggesting that negative BMB
results are not solely attributable to tumor load. They may also reflect focal or patchy
infiltration patterns where involvement is not uniformly distributed and may be missed
at the biopsy site. In addition, the cited authors noted that detection of a low-level tumor
burden requires >100,000 acquired events [15], a threshold far exceeded in our study (range,
165,568–5,000,000; median, 1,000,000), reinforcing the validity of results determined to be
positive via FC in discordant cases.

Regarding clinical outcomes, in our cohort, we observed significantly worse OS and
PFS in the BMB+/FC+ group compared with the BMB_/FC- group, indicating that si-
multaneous detection of marrow involvement via both techniques identifies a subgroup
with poorer prognosis, a finding also reported by Okamoto et al. [18]. In our multivariate
analysis, this increased risk of mortality and progression doubled or tripled among patients
with higher IPI scores. Although the BMB-/FC+ group showed a trend toward shorter OS
and PFS, statistical significance was not reached, likely due to the limited number of cases
and the low tumor burden detected. The mean infiltration among discordant cases was
0.44% (range 0.003–3%), which provoked us to classify these cases within the BMB-/FC-
group. Cheson et al. similarly reported that infiltration <2% detected exclusively by FC
may be considered clinically insignificant, with no impact on patient outcomes [10,19].

Prognostic information regarding bone marrow involvement detected via FC and/or
BMB in individual histological subgroups remains controversial. In our series, only for FL
was a statistically significant decrease in OS and PFS observed in the BMB+/FC+ group,
a finding not previously reported. In regard to DLBCL, Arima et al. noted that minimal
marrow involvement detected by FC or PCR in cases determined to be negative via BMB did
not significantly differ from BMB-/FC- patients prior to treatment; however, it predicted
severe hematologic toxicity and negatively influenced PFS and OS following R-CHOP
therapy [20]. Similar findings were reported by Martín-Moro et al. and Greenbaum et al.,
where minimal involvement detected only by FC was associated with poorer OS and PFS
and represented an independent prognostic factor [21,22]. These associations were not
observed in our cohort (p = 0.4 and p = 0.06, respectively).

The main limitations of our report include its single-center design, the lack of uni-
formity of FC panels over time, and the limited number of patients in each histological
subgroup, restricting the conclusions regarding prognostic impact. Future multicenter
studies with larger sample sizes are needed to confirm our findings.

4. Materials and Methods
4.1. Study Design and Patients

This was a retrospective, single-center study. Medical records of patients aged ≥18
years with a diagnosis of DLBCL, FL, MZL, or MCL confirmed by tissue biopsy and treated
at Hospital Guillermo Grant Benavente (HGGB) between 1 January 2014 and 31 December
2024 were reviewed. Patients were included if they had undergone simultaneous BMB and
bone marrow aspirate for immunophenotyping by FC, either as part of the initial staging
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work-up or during follow-up. Demographic and clinical data, including age, sex, Ann
Arbor stage, IPI, and laboratory findings, were collected. The study was approved by the
Ethics Committee of HGGB and Universidad de Concepción.

The primary endpoint was the concordance between FC and hematopathology in
detecting bone marrow involvement in lymphoma. The secondary endpoints included the
prognostic significance of marrow involvement with respect to OS and PFS.

4.2. Flow Cytometry Immunophenotyping

FC analysis was performed using an 8-color panel consisting of CD20-V450, CD45-
V500, Lambda-FITC, Kappa-PE, CD5-PerCP-Cy5.5, CD19-PE-Cy7, CD10-APC, and CD38-
APC-H7 in 168 of 202 cases (83.2%). In 8 cases (4%), the EuroFlow Lymphoid Screening
Tube (LST) panel was used [23]. In 26 cases (12.8%), a modified panel for MCL was
applied, including CD20-V450, CD45-V500, Lambda-FITC, Kappa-PE, CD5-PerCP-Cy5.5,
CD19-PE-Cy7, CD200-APC, and CD38 or CD43-APC-H7. The selection of monoclonal
antibodies was based on those suggested by the EuroFlow consortium [23]. Samples were
acquired on a FACSCanto II flow cytometer (BD Biosciences, Sa Jose, CA, USA), with a
median of 1,000,000 acquired events per sample (range: 165,568–5,000,000). Data analysis
was performed using Infinicyt® software, version 2.0 (Cytognos SL, Salamanca, Spain).
A sample was considered positive for lymphoma infiltration if the presence of clonal mature
B cells with light chain restriction was demonstrated. A value of at least 20 events was
considered positive for detection, and a value of 50 events was considered positive for
quantification. Accordingly, the limit of detection was 0.01% and the limit of quantification
was 0.03% for samples with the lowest number of acquired events, whereas the limit of
detection was 0.0004% and the limit of quantification was 0.001% for samples with event
numbers at the upper limit of the acquisition range.

4.3. Bone Marrow Biopsy

BMB samples were fixed in formalin, decalcified in EDTA, processed, sectioned, and
stained with routine hematoxylin and eosin in the Pathology Department. Immunohisto-
chemistry was performed in all cases. A sample was considered positive if cells with a
morphology and immunophenotype, as assessed by immunohistochemistry, compatible
with lymphoma were identified.

4.4. Statistical Analysis

Statistical analyses were performed using SPSS software version 26.0. A p-value < 0.05
(95% CI) was considered statistically significant. Categorical variables were compared
using the chi-square test. Concordance between techniques was assessed using Cohen’s
kappa coefficient, interpreted according to standard qualitative categories: no agreement
(<0), slight (0.01–0.20), fair (0.21–0.40), moderate (0.41–0.60), substantial (0.61–0.80), and
almost perfect (0.81–1.00) [24].

Survival analyses were estimated using the Kaplan–Meier method, with comparisons
between curves performed using the log-rank test. To identify independent predictors
of survival, a Cox proportional hazards model was applied. Initially, univariate analyses
were conducted for each variable of interest, followed by analysis using a multivariate
model that included variables with statistical significance or clinical relevance. Results are
reported as HRs with 95% CIs.

5. Conclusions
Traditionally, BMB has been considered the gold standard for assessing lymphoid

infiltration in bone marrow. However, more sensitive techniques such as flow cytometry
(FC) have demonstrated the ability to detect minimal residual disease or subclinical involve-
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ment that may not be evident through conventional histology. Unlike BMB, FC provides
diagnostic information in a shorter time. In addition, FC allows rapid and quantitative
evaluation of millions of cells, offering detailed immunophenotypic characterization, which
makes it a highly valuable diagnostic tool. Collectively, the lower invasiveness of the
bone marrow aspirate, faster turnaround time, and analytical capacity position FC as a
complementary or alternative approach to traditional histopathological assessment.

Considering the Chilean and Latin American context, where the availability of diag-
nostic resources such as PET-CT remains highly variable, this study provides evidence
supporting the utility of integrating FC as a complementary or alternative tool with respect
to BMB for evaluating bone marrow involvement in B-cell non-Hodgkin lymphomas.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/lymphatics4010014/s1. Figure S1: Kaplan–Meier survival curves
according to bone marrow involvement assessed by BMB and FC in FL. Figure S2: Kaplan–Meier
survival curves according to bone marrow involvement assessed by BMB and FC in DLBCL. Figure
S3: Kaplan–Meier survival curves according to bone marrow involvement assessed by BMB and FC
in MCL. Figure S4: Kaplan–Meier survival curves according to bone marrow involvement assessed
by BMB and FC in MZL.
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MZL Marginal-zone lymphoma
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