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Abstract
Bone marrow biopsy (BMB) is a well-established diagnostic tool for various hematological, oncological, and other medical 
conditions. However, treatment options for geriatric patients (pts) facing these diseases are often constrained. In this single-
center, retrospective analysis we assessed the diagnostic value of BMB in geriatric pts aged ≥ 85 years and examined its 
impact on therapeutic decisions. We examined 156 BMB procedures in 129 pts, extracting data from the electronic patient 
records and applying descriptive statistical methods. Nearly half of the primary diagnostic procedures (26; 44.1%) resulted 
in a modification of the initially suspected diagnosis. Notably, 15 (25.4%) of these procedures, led to changes in both the 
diagnosis and planned interventional treatment. Among the 15 follow-up procedures (36.6%), disease progression was 
initially suspected based on symptoms, but BMB results excluded such progression. In lymphoma staging biopsies, only 2 
(3.6%) prompted a change in therapeutic intervention. Importantly, no BMB-related complications, such as bleeding, infec-
tion or nerve damage, were reported. Median survival after BMB was 16.1 months across all pts, yet it varied based on the 
diagnosis and comorbidity score. The survival of pts with a change in therapy based on BMB results did not significantly 
differ from those who did not undergo a therapy change. In conclusion, BMB proved to be generally safe and beneficial in 
this geriatric cancer patient cohort beyond the age of 85 years. However, the advantages of lymphoma staging in this patient 
population warrant further consideration.
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Introduction

With rising life expectancy of the general population, phy-
sicians are confronted with the decision of whether to per-
form invasive diagnostic procedures in elderly patients (pts). 
According to the United Nations, the amount of citizens 
aged 80 years or older is anticipated to triple by the year 
2050, compared to 2019 [1]. Treatment options for geriatric 
pts with cancer are comparatively limited when contrasted 
with young adults, as most of the clinical trials assessing 
new treatment regimens typically restrict participation to 
younger and fitter pts. However, in recent years, there has 
been a noteworthy trend towards adapting clinical trials 
and treatment regimens to cater to elderly pts, subsequently 
incorporating them into clinical routines [2–12].

In our project, we specifically included pts aged 85 years 
and beyond, a demographic exceeding the average life 
expectancy in almost all countries [1].
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BMB is an invasive diagnostic procedure that holds a 
pivotal role in the diagnostic cascade of hematologic malig-
nancies, where bone marrow (BM) involvement often serves 
as one of the primary diagnostic criteria. It usually involves 
a two-step approach conducted in a single setting: BM aspi-
ration, where blood derived from the BM is aspirated with 
a syringe, and a trephine BMB, in which a section of the 
bone containing the BM is withdrawn to preserve the BM 
architecture [13]. Generally, BMB is considered a safe pro-
cedure with a low rate of complications. A study by Bain and 
colleagues in 2004 reported an adverse event rate of 0.07% 
[14], and similar frequencies were observed in prior stud-
ies [15–17]. More severe complications may include nerve 
damage [18, 19], infection [20, 21] and bleeding [22–24], 
and, in some rare cases, escalate to a life-threatening degree 
[25, 26]. The acceptability of the risk associated with BMB 
lies in its potential to provide consequential therapeutic deci-
sions for the patient, irrespective of their age. In our retro-
spective analysis, our objective was to assess whether geri-
atric pts undergoing BMB as a routine diagnostic procedure 
derive substantial benefits from the procedure. We aimed 
to evaluate the proportion of BMB procedures that signifi-
cantly contribute to the diagnostic workup and therapeutic 
decision-making, while also scrutinizing complications and 
limitations associated with the procedure.

Methods

We conducted a retrospective analysis of data from pts aged 
85 years or older who underwent BMB performed between 
2001 and 2020 at RWTH Aachen University Hospital, 
encompassing both in- and out-patient settings. The data 
were extracted from the electronic patient records (ePR)). 
Additional information, including patient history, physical 
examination details, laboratory assessment, radiological 
examinations, complications post-BMB (such as bleeding 
events, bone or local infections, organ damage, and pain) and 
follow-up data, were also retrieved from the ePR.

To objectively quantify pts’ comorbidity, we employed 
a modified version of the Cumulative Illness Rating Scale 
(CIRS) [27]. This scale assigns a score between 0 (no ill-
ness) and 4 (severe illness) to each of the 14 organ systems 
[28]. Commonly used in the evaluation of comorbidity during 
treatment decisions for pts with chronic lymphocytic leukemia 
[29], the scoring was retrospectively calculated for each patient 
at the time of the first BMB using the guidelines presented 
by Salvi et al. [30]. The main hematological diagnosis of pts 
was excluded from scoring, following the customary practice 

for pts with hematologic disorders [31]. In cases where the 
guidelines did not allow for unambiguous scoring, the lower 
of two scores was chosen to avoid overrating comorbidity. 
The Total Score (TSC) represents the sum of scores across 
all organ systems.

BMBs were analyzed according to the three following cate-
gories: “Diagnostic”, “Staging” and “Follow-up”. BMBs were 
categorized as “Diagnostic” if no hematological disease had 
been previously diagnosed or if BMB results were pertinent 
or obligatory for diagnosis. BMBs were categorized as “Stag-
ing”, if a malignancy had already been diagnosed through 
other methods, and BMB was solely performed to complete 
staging. BMBs were labeled as “Follow-up”, if conducted after 
initial “diagnostic or staging” BMB. To distinguish BMBs in 
lymphoma relapse, a BMB was considered “Staging” if the 
relapse had already been diagnosed via biopsy or radiology, 
and “Follow-up”, if the relapse was not confirmed at the time 
of the BMB.

Treatment was classified into interventional and supportive 
categories. Interventions with antineoplastic potential, includ-
ing conventional chemotherapy, radiation, tyrosine kinase 
inhibitors, hydroxyurea and corticosteroids (categorized as 
interventional, unless explicitly stated as best supportive care 
in the ePR) were considered.

Results of BMBs were categorized based on their potential 
influence on therapeutic decision- making (“change in ther-
apy”) or lack thereof (“no change in therapy”) (see Fig. 1.). For 
“Diagnostic” procedures, BMB was deemed to have an impact 
on therapy if a previously unsuspected diagnosis resulted from 
the BMB and interventional therapy was consecutively admin-
istered. “Staging” procedures were considered influential if 
BMB revealed infiltration of the diagnosed neoplasm, thereby 
influencing staging and the chosen treatment regimen. “Fol-
low-up” procedures were considered influential if previously 
chosen therapy changed due to BMB results. In cases, where 
no documentation of treatment was available (e.g. if treatment 
was performed at another center), no categorization was made 
regarding the influence on therapy.

For pts with multiple BMBs, only the first BMB was con-
sidered for survival analyses and evaluations concerning age, 
comorbidity and general condition.

Statistical analysis involved the unpaired two-sample Stu-
dent’s t-test for mean values, Spearman’s rank correlation 
coefficient for intraindividual correlation of two variables, 
and GraphPad Prism 8 software for survival analyses. Survival 
analysis and comparison was conducted using the logrank 
(Mantel-Cox) test, with a significance level set at α = 0.05 for 
all statistical tests.

The study received approval from the local Ethics Commit-
tee (Internal file number EK 309/22).
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Results

Description of patient cohort

A total of 156 BMBs on 129 individual pts were included in 
the analysis. Pts characteristics are detailed in Table 1. The 
mean age was 87.1 ± 2.2 years (range 85–95 years), with 57 
(44.1%) being male. The median ECOG Score was ECOG 2 
(2, 2), and the mean CIRS TSC was 14.5 ± 5.25. The major-
ity of pts exhibited higher scores for “hypertension” (median 
score 2; range 2, 3), and “cardiac comorbidities” (median 
score 2; range 2, 3). Notably, 118 (91.5%) pts scored 2 or 
higher in three or more organ systems, indicating the preva-
lence of relevant comorbidities across multiple systems.

Performed procedures, complications and main 
diagnoses

Seventeen pts underwent more than one BMB. In 124 out of 
the 156 procedures (79.5%), both BM aspiration cytology 
and trephine biopsy were performed (29 BMBs with aspira-
tion cytology report only and 3 procedures with trephine 
biopsy only). Among these, 105 cases (84.7%) had matching 
results, while the remaining 19 cases presented methodo-
logical issues (7 cases) or discrepant findings (5 cases with 
pathological findings in either cytology or histology, and 
7 of them were resolved through interdisciplinary review). The most frequent hematologic/oncologic diagnoses 

Fig. 1   Approach to evaluating the BMB’s influence on therapy. The 
numbers in brackets represent the number of cases in this study. In 
the third row, the first number represents the cases from “Diagnostic”, 

the second number represents the cases from “Staging” and the third 
number represents the cases from “Follow-Up”

Table 1   Characteristics of pts 85  years and beyond who received a 
BMB

Number of pts 129
Number of BMBs 156
Age (years)

  Range 85–95
  Median (CI) 87.1 (86.6, 87.6)
  Mean ± SD 87.06 ± 2.2

Gender
  Male 57
  Female 72

ECOG Score
  0 2
  1 38
  2 43
  3 31
  4 12
  unknown 3

CIRS score
  Mean Total Score ± SD 14.5 ± 5.3
  Mean Severity Index ± SD 1.1 ± 0.4
  Mean Comorbidity Index ± SD 4.9 ± 2

Performed BM procedure
  Both cytology and histology 124
  Cytology only 29
  Histology only 3
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included Diffuse Large B-Cell Lymphoma (DLBCL) in 34 
cases (21.8%) and acute myeloid leukemia (AML) in 28 
cases (17.8%). Notably, no instances of BM infiltration by a 
solid tumor were observed in our cohort.

Out of the 156 BMBs, 59 (37.8%) were categorized 
as diagnostic, 56 (35.9%) as staging, and 41 (26.3%) as 
follow-up.

No adverse effects, such as clinically relevant bleeding, 
severe pain or nerve damage were reported.

Diagnostic interventions (59 procedures)

Table 2 outlines BMB indications and resulting diagnoses. 
In 28 procedures (47.5%), BMBs confirmed the suspected 
diagnosis, while in 26 cases (44.1%), results altered the 
initial suspicion. Five cases (8.5%) showed no pathologi-
cal findings. Approximately half of the diagnostic BMBs 
(29; 49.2%) resulted in consecutive interventional treatment, 
while supportive care or no treatment was administered in 
26 cases (44.1%).

Table 2   Suspected diagnosis before BMB and outcome thereof

Highlighted in bold are results from BMBs that match the suspected diagnosis

Indication/Suspected diagnosis before BMB Resulting diagnosis upon BMB

Bicytopenia or pancytopenia of unknown origin 14 Myelodysplastic syndrome 4
Acute myeloid leukemia 1
Diffuse large B-cell lymphoma 1
Bone marrow aplasia 2
Immune thrombocytopenia 1
LGL-leukemia 1
Marginal zone lymphoma 1
No hematologic diagnosis 2
Vitamine B12 deficiency 1

Acute leukemia 13 Acute myeloid leukemia 10
Acute lymphoblastic leukemia 1
Myelodysplastic syndrome 1
Mantle cell lymphoma 1

Myelodysplastic syndrome 10 Myelodysplastic syndrome 4
Inconclusive for MDS, clinical diagnosis of MDS 2
Myelodysplastic syndrome and indolent lymphoma 1
Bone marrow tuberculosis 1
Bone marrow aplasia 1
Immune thrombocytopenia 1

Multiple myeloma 2 Multiple myeloma 1
Monoclonal gammopathy of unkown significance 1

Chronic myelomonocytic leukemia 3 Chronic myelomonocytic leukemia 2
Acute myeloid leukemia 1

Chronic myeloid leukemia 1 Chronic myeloid leukemia 1
(other) Myeloproliferative neoplasm 4 Myeloproliferative neoplasm 4
Lymphoplasmacytic lymphoma 1 Lymphoplasmacytic lymphoma 1
Chronic lymphocytic leukemia 1 Chronic lymphocytic leukemia 1
(suspected paraneoplastic) Autoimmune hemolysis 1 Indolent non-Hodgkin's lymphoma (not further specified) 1
Immune thrombocytopenia 1 Immune thrombocytopenia 1
Thrombocytopenia of unknown origin 4 Immune thrombocytopenia 1

Immune thrombocytopenia secondary to an indolent lymphoma 1
Myelodysplastic syndrome 1
No hematologic diagnosis 1

Agranulocytosis 1 Toxic/drug-induced agranulocytosis 1
Eosinophilia 1 No hematologic diagnosis, reactive eosinophilia 1
Systemic mastocytosis 1 No hematologic diagnosis 1
Second biopsy for confirmation of BM tuberculosis 1 Bone marrow tuberculosis 1
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Staging interventions (56 procedures)

All “Staging” BMBs were conducted on 54 lymphoma pts, 
including 8 with lymphoma relapse after previous therapy. 
Manifestation of the known lymphoma in the BM was 
detected in 10 staging-biopsies, while 4 led to changes in 
the stage according to the Ann-Arbor classification. The 
most common lymphoma type was aggressive B-/T-cell lym-
phoma in 37 (82.2%) cases, with 33 being DLBCLs. In 36 
out of 37 staging BMBs on aggressive B-/T-cell lymphoma, 
no evidence of BM infiltration was found (see Fig. 2). 2 out 
of 36 aggressive B-/T-cell lymphoma pts showed bicytope-
nia or pancytopenia upfront, but BMB revealed no evidence 
of lymphoma infiltration. Only 2 pts with indolent B-/T-cell 
lymphoma (3.6%) experienced a change in therapeutic inter-
vention across all staging biopsies.

Follow‑up interventions (41 procedures)

“Follow-up” BMBs were performed on 27 pts with vari-
ous diseases, with acute myeloid leukemia being the most 
common subgroup (16 cases). Among the procedures, 12 

(29.3%) showed a response to treatment, while 15 (36.6%) 
and 12 (29.3%) revealed stable disease or progressive dis-
ease, respectively. One biopsy resulted in diagnosis of a sec-
ond disease. Among the 12 BMBs resulting in progressive 
disease, this was previously suspected in 10 cases due to 
peripheral blood findings or symptoms. In 14 cases (34.1%), 
treatment was escalated or deescalated after BMB (Fig. 3).

Survival aspects and influence of comorbidities

The median survival in the entire cohort was 16.1 (8.5, 24.6) 
months, with no significant difference between male and 
female pts (see Fig. 4a). Pts with a therapy change based 
on BMB results showed a trend towards worse survival 
compared to those without therapy changes (see Fig. 4b). 
Kaplan–Meier curves on survival for the five most frequent 
diseases are presented in Fig. 4c.

The average CIRS indices in our cohort were as follows: 
mean TSC was 14.72 ± 5.17. While average CIRS indices 
between pts with or without a change in therapy due to BMB 
results were not significantly different, there was a signifi-
cant correlation between CIRS indices and days until death/

Fig. 2   Outcome of 56 BMBs for staging in different types of lymphoma. Among the 37 aggressive B-/T-cell lymphomas, 33 were DLBCL, one 
was Burkitt’s lymphoma, 3 were not otherwise specified high-grade lymphomas
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Fig. 3   Therapeutic influence of 41 follow-up BMBs; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; MPN, myeloproliferative 
neoplasm; ITP, immune thrombocytopenia
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Fig. 4   Kaplan–Meier survival curve analysis of overall survival, 
grouped for change in therapy, main diagnosis and CIRS Total Score; 
OS, overall survival. a) OS of all, male and female pts. p = 0.54 
between male and female pts. b) OS of pts who had a change in ther-
apy due to BMB and who did not. p = 0.09 c) OS of pts with the 5 

most frequent diagnoses: aggressive B-/T-cell lymphoma, indolent 
B-/T-cell lymphoma, multiple myeloma, myelodysplastic syndrome, 
acute myeloid leukemia. p < 0.0001 d) OS of pts with CIRS Total 
Score > 19, 10–19 and 0–9. p < 0.0001
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last time of information after BMB (Spearman r = 0.35 for 
TSC, p < 0.0001). Pts with a CIRS TSC ≥ 20 had a shorter 
median survival of 2.3 (1.3, 12.4) months compared to pts 
with a TSC of 10–19 (median survival of 13.7 (8.1, 25.6) 
months) or with a TSC of 0–9 (median survival of 50.8 
(17.1, 91.1) months) (Fig. 4d), emphasizing the influence 
of comorbidities on survival in this cohort.

Discussion

Patient cohort, complications, main diagnoses, 
comorbidities and survival aspects

The demographics of an aging society in Western countries 
underscore the potential future relevance of our analysis. 
Notably, this study observed no major complications related 
to BMB, aligning with the very low risk reported in the 
literature [14–17]. While acknowledging the retrospective 
nature of our analysis, which may have led to the potential 
under-detection of non-severe complications like minor or 
moderate pain, our results affirm that BMB is feasible in a 
geriatric patient population.

Our patient cohort exhibited a substantial burden of 
comorbidities, with over 4 out of 5 pts suffering from heart 
disease or systemic arterial hypertension. Surprisingly, there 
was no significant correlation between CIRS TSC burden 
and pts receiving less intensive therapy. However, pts with 
higher CIRS TSC burden demonstrated significantly shorter 
survival compared to those with lower CIRS TSC. Addition-
ally, pts with a therapy switch based on BMB results showed 
a trend towards worse survival, potentially linked disease 
progression or relapse.

Comparing the survival of our cohort to the general popu-
lation of similar age (with life expectancy for 85-year old 
individuals in Germany ranging between 5.18 years for men 
[32], 6.00 years for women in 2000 [33], and 5.54 years for 
men [32], and 6.54 years for women [33] in 2020, while the 
median survival in this analysis was 16.1 months), high-
lighted a severely reduced life expectancy, likely attributed 
to malignant diseases. However, pts with indolent B-/T-cell 
lymphoma, with a median age of 88 years at the time of 
BMB, exhibited a median survival of over 6 years.

Diagnostic interventions

In this cohort, BMB results altered the initially suspected 
diagnosis in half of the pts without prior history of hemato-
logical disease. Given that BMB confirmation is a crucial 
diagnostic criterion in various diseases [34–37], especially 
myeloid neoplasms, performing this procedure remains 
essential to align with international standards. A real-world 
analysis of Myeloproliferative Neoplasm (MPN) pts in 

Germany revealed that almost 40% of pts with suspected 
essential thrombocythemia did not undergo upfront BMB to 
secure the diagnosis [38]. After diagnosis, only half of pts 
received interventional treatment. Pts receiving only sup-
portive treatment did so either due to lack of physical fitness 
or because it was the current recommended treatment for 
their disease (e.g. in myelodysplastic syndrome).

BMB revealed pathological findings in over 90% of cases 
in our cohort, differing significantly from the study by Man-
ion et al. from 2008 [39]. In their analysis, only 43% of 
primary diagnostic BMBs yielded a specific diagnosis and 
several BMBs were conducted due to anemia of unknown 
origin. Furthermore, only minimal therapeutic success was 
reported in their pts cohort, which led the authors to the 
conclusion that a higher threshold for BMBs may be indi-
cated. Differences in biopsy indications between the cohorts 
suggest that patient populations with a higher threshold for 
BMB indication, such as ours, may indeed benefit from the 
procedure. This was supported by the considerable influence 
of BMB on patients' outcomes in our analysis.

Staging interventions

For the majority of this cohort, mostly diagnosed with 
DLBCL, BMB did not reveal BM infiltration. Only in 2 
pts with indolent B-/T-cell lymphoma did the Ann-Arbor 
stage and consecutive therapy change based on BMB results 
(change in therapeutic intervention), with both pts not show-
ing cytopenia in the peripheral blood upfront.

BMB detects BM involvement in about 14% of DLBCL 
cases of all ages [40, 41]. In our analysis, the rate for 
detecting BM involvement in B-/T-cell lymphoma, mostly 
DLBCL, was much lower at 2.7%. This suggests a lower 
rate of BM involvement of DLBCL in geriatric pts. A higher 
Ann-Arbor staging category leads to a different therapeu-
tic regimen for younger pts [42]. In the elderly, attenuated 
immunochemotherapy regimens are given in all stages [3, 
43], and, therefore, BMB has limited therapeutic implica-
tions in this setting. For Hodgkin’s lymphoma, PET-CT is 
recommended for all pts as an alternative staging method to 
BMB, and routine BMB in PET-negative cases is already 
obsolete [44, 45].

Follow‑up interventions

In the “Follow-up” cohort, about one-third of pts had their 
treatment adjusted based on BMB results, either due to dis-
ease progression or response to therapy. In most cases with 
confirmation of disease progression via BMB, there were 
clinical or laboratory findings suggesting progression before 
BMB. However, in more than half of the BMBs resulting in 
no disease progression, peripheral blood counts and clini-
cal status had led to suspicion of a progression upfront. 
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Therefore, symptoms and peripheral blood findings do not 
seem to be reliable predictors of disease progression in our 
cohort, emphasizing the impact of BMB for exclusion or 
confirmation of disease progression.

Limitations

The retrospective data capture may have introduced bias due 
to missing information on some pts. This is a single-center 
experience resulted in a limited patient cohort. Unfortunately, 
a comparable control group of pts who did not undergo 
BMB was not available due to the study design and the 
low frequency of pts beyond 85 years undergoing BMB. 
Furthermore, due to our focus on hematological malignancies, 
cases of bone marrow infiltration by solid tumors may have 
been underrepresented in our analysis.

Conclusion

In conclusion, BMB seems to be safe in geriatric pts. Despite a 
high burden of comorbidities and advanced age, interventional 
therapy is possible for a substantial number of pts, potentially 
even more so with upcoming targeted treatments like 
tyrosine-kinase-inhibitors and monoclonal antibodies. For 
diagnostic purposes, BMB contributed significantly to the 
diagnostic process and often corrected the initially suspected 
diagnoses. For confirmation of disease progression, BMB 
was indispensable, as clinical features alone were much 
less reliable. For sole staging purposes in lymphoma, BMB 
had limited therapeutic implications. Comorbidity burden 
(represented by TSC score) correlated with impaired survival.
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