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Abstract

Purpose: Bone marrow metastasis (BMM) is uncommon in breast cancer (BC),
and early diagnosis is challenging. BMM lacks definitive treatment options and
poses a great threat to the survival of patients. Herein, we investigated the clini-
cal features, prognosis, and factors affecting the prognosis of BC patients with
symptomatic BMM to help improve the understanding of this disease and provide
effective diagnostic and treatment strategies.

Methods: Clinical data of 67 patients with BC and BMM were retrospectively an-
alyzed for clinical characteristics, treatment, and prognosis of BMM. Univariate
and multivariate analyses were performed to determine factors affecting overall
survival following BMM (BMMOS).

Results: Among patients with BMM, 86.6% were diagnosed after bone metas-
tasis (BM), while 13.4% were diagnosed simultaneously with BM. A total of
73.1%, 13.4%, and 13.4% of the patients had hormone receptor-positive/human
epidermal growth factor 2-negative (HR+/HER2—) tumors, HER2+ tumors, and
triple-negative tumors, respectively. The most common symptoms of BMM were
the coexistence of anemia and thrombocytopenia (26.9%), anemia (19.4%), and
pancytopenia (17.9%). The median BMMOS was 7.6 months (95% CI, 3.9-11.3).
Univariate and multivariate analyses showed that BMMOS was associated with
platelet count <75x10°/L at the time of BMM diagnosis. The BMMOS of pa-
tients who underwent endocrine therapy, combined chemotherapy, and mono-
chemotherapy after BMM was 15.7, 9.7, and 8.6 months, respectively, whereas
that of untreated patients was 2.9 months, and the difference among the results
was statistically significant (y* = 20.102, p <0.0001). Changes in patient hemo-
gram and/or body temperature during treatment were consistent with the overall
effect of the disease (p <0.0001).

Conclusion: BMM should be considered in BC patients with BM, an unexplained
reduction in hemogram parameters, especially anemia and thrombocytopenia,

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2023 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

10672 wileyonlinelibrary.com/journal/cam4

Cancer Medicine. 2023;12:10672-10683.


www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0002-9236-8018
mailto:
https://orcid.org/0000-0002-3911-748X
http://creativecommons.org/licenses/by/4.0/
mailto:ym200678@126.com

.. 10673
Cancer Medicine _ “WI LEYJ—

and/or fever without chills. Active, effective, individualized treatment strategies

NIU ET AL.

can prolong BMMOS.
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1 | INTRODUCTION

In 2020, breast cancer (BC) replaced lung cancer as the
most commonly diagnosed cancer among women world-
wide.! Bone metastasis (BM) accounts for approximately
65%-75% of metastatic BC (MBC) cases.” In contrast to
BM, the development of symptomatic bone marrow me-
tastasis (BMM) is a rare event during MBC. The reported
incidence of BMM is only 0.17% in MBC? and 0.6%-1.7%
in solid tumors.*

BMM is uncommon in BC. It signifies the invasion of
BC cells into the bone marrow, which may damage bone
marrow hematopoietic stem cells and lead to repetitive
fever, progressive anemia, and thrombocytopenia. The
degree of bone marrow infiltration leading to manifesta-
tions of BMM is complex and diverse. The current diag-
nosis of BMM relies mainly on bone marrow aspiration
smears and biopsies. In particular, bone marrow trephine
biopsy was found to be the most sensitive technique for
the detection of BMM.* However, bone marrow aspiration
smear and trephine biopsy are not routine clinical prac-
tices. Hence, the early diagnosis of BMM is limited by the
lack of specific clinical manifestations®® and is easily
overlooked by clinicians.

Most patients diagnosed with late-stage BMM may
lose the opportunity to receive the normal dose and
course of radiation and chemotherapy, which leads to
a reduction in their survival.>>'° In addition, patients
with symptomatic BMM have been excluded from previ-
ous clinical trials on BC. Thus, given the paucity of data
in this area, the appropriate treatment of BC with BMM
is not discussed in detail in the major guidelines.''™"?
Though comprehensive therapies such as chemotherapy,
endocrine therapy, molecular targeted therapy, and im-
munotherapy can improve the prognosis of patients with
MBC,!18 unfortunately, the prognosis of patients with
BMM is still not ideal®™'® due to the lack of definitive
treatments. Therefore, it is necessary to study BC with
BMM to expand the understanding of this disease, pro-
vide effective diagnosis and treatment strategies, and fur-
ther improve the survival of patients.

This study aimed at providing a reference for the diag-
nosis and treatment of MBC with BMM by investigating
the clinical features, treatments, prognosis, and fac-
tors associated with MBC with BMM and by evaluating

the factors that affect overall survival following BMM
(BMMOS) and therapies after BMM.

2 | METHODS

2.1 | Patients

This is a retrospective study of the medical records of 3289
patients diagnosed with MBC and patients who developed
metastatic disease during their follow-up between June 1,
2010, and May 31, 2020, at the Affiliated Cancer Hospital
of Zhengzhou University & Henan Cancer Hospital,
Department of Breast Disease.

The inclusion criteria are as follows: (1) patients with
invasive BC diagnosed pathologically; (2) non-resectable
local recurrence or MBC diagnosed at the Affiliated
Cancer Hospital of Zhengzhou University & Henan
Cancer Hospital between June 1, 2010, and May 31, 2020;
(3) male BC or bilateral BC; and (4) known metastatic site.
BMM was confirmed at our hospital through bone mar-
row aspiration smear and/or trephine biopsy. Patients
were excluded if they had a history of other malignant
tumors in the past 3years, excluding cured cervical carci-
noma in situ, skin basal cell carcinoma, or squamous cell
carcinoma, or if there was incomplete information.

Patient information was recorded retrospectively
through a database we established and updated, which
includes demographics, clinical, and pathological char-
acteristics, and treatment approaches. The patient's sur-
vival state was confirmed through outpatient, inpatient,
or telephone-based follow-ups. The typical features of
BMM recorded included irregular fever without chills
during the course of the disease, fluctuation in body
temperature between 37.5°C and 39.9°C, poor or no
response to normal anti-inflammatory treatment, and
single lineage cytopenia, bi-lineage cytopenia, or mul-
tilineage cytopenia with or without fever. Suspected
BMM was confirmed using bone marrow aspiration
smear and/or trephine biopsy. Patients with negative
bone marrow smear results but high clinical suspicion
of BMM underwent a repeat bone marrow trephine bi-
opsy to confirm the findings. During the treatment, sup-
portive care, such as transfusion of red blood cells and
platelets and the administration of granulocyte growth
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factors, was provided. Further, the effect of treatment
and hemogram parameters/body temperature change
were regularly monitored. The latest follow-up data
were obtained on July 31, 2021.

2.2 | Methods of diagnosis

All patients with BMM were diagnosed using bone mar-
row aspiration smear and/or trephine biopsy. Bone
marrow aspiration smear and/or trephine biopsy was
performed if the patient had irregular fever without
chills during the disease course, no response to regular
anti-inflammatory treatment, continuous unexplained
reduction in hemogram (hemoglobin, white blood cells
[WBCs], platelets, etc.) that cannot be explained by blood
loss, hemolysis, etc., myelosuppression more than grade
2 during chemotherapy, or prolonged recovery in the
follow-up period. In addition to bone marrow aspiration
smear and/or trephine biopsy, peripheral blood smear
tests were performed for patients who had single-lineage
cytopenia, bi-lineage cytopenia, or multilineage cytope-
nia. Bone marrow aspirates or trephine biopsy specimens
were extracted through the posterior or anterior iliac crest
under local anesthesia, and approximately 0.1-0.2mL
of bone marrow aspirate was taken using a bone mar-
row aspiration package. Five to six smears were made in
each case, and care was taken to ensure that bone mar-
row smears were labeled correctly and clearly. Each air-
dried smear was stained with Wright & Giemsa stain for
15min. Trephine biopsy samples were preserved in 10%
formalin solution and immediately transported to the cen-
tral laboratory. BMM was diagnosed if one or more tumor
cells were detected. A hematopathologist reconfirmed the
BMM infiltration status by performing a bone marrow
vessel count. The bone marrow aspiration smear and tre-
phine biopsy of a confirmed case showed cells that were
large in size, irregular in shape, rich in cytoplasm, and oc-
curring in clusters. There were also visible vacuoles, irreg-
ular karyotypes, slightly rough, loose nuclear chromatin,
and unclear nucleoli (Figure 1A,B).

2.3 | Definition of terms

BMMOS was defined as the duration of overall survival
from BMM diagnosis until death or the last follow-up.
BMM-free interval was defined as the time from initial BC
diagnosis to BMM diagnosis.

Treatment efficacy was classified according to the
Response Evaluation Criteria in Solid Tumors version 1.1.
The efficacy categories were complete response, partial re-
sponse (PR), stable disease, and progressive disease (PD).
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FIGURE 1 An example of the bone marrow aspiration smear
and trephine biopsy results. (A) The image of bone marrow smear
of a patient with breast cancer (Wright-Giemsa staining, 10x 100);
(B) The photomicrograph of bone marrow trephine biopsy of

a patient with breast cancer (hematoxylin and eosin staining,
10x40).

The degrees of fever and cytopenia were classified
according to the National Cancer Institute Common
Terminology Criteria for Adverse Events version 5.0.

2.4 | Statistical analysis

SPSS (version 23.0; IBM Corp.) was used for statisti-
cal analysis. Differences between two variables were
analyzed using the chi-square test or Fisher's exact test.
Nonparametric tests, such as Mann-Whitney U and
Kruskal-Wallis, were used to compare the effect of a pa-
rameter between two multi-sorted variables. The Kaplan-
Meier method was used for survival analysis, and the
log-rank test was used for univariate analysis of prognosis
among groups. Factors with a p-value <0.15 in the uni-
variate logistic regression were incorporated into the mul-
tivariate Cox proportional hazards regression model. The
stepwise regression method was used in the analysis of the
multivariate Cox proportional hazards model. Statistical
significance was set at p <0.05.
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3 | RESULTS
3.1 | Clinical characteristics of BMM

A total of 3228 patients with MBC were admitted to the
Affiliated Cancer Hospital of Zhengzhou University &
Henan Cancer Hospital between June 1, 2010, and May 31,
2020. BMM was diagnosed in 67 (2.1%) patients, and they
were included in this study (Figure 2). The median age
was 48years (range, 22-75), and the median disease-free
survival was 22.5 months (range, 0-180). Most patients
with BMM had hormone receptor-positive/human epi-
dermal growth factor receptor 2-negative (HR+/HER2-)
tumors. Among the patients, 73.1%, 13.4%, and 13.4% had
HR+/HER2— tumors, HER2+ tumors, and triple-negative
tumors, respectively. The most common symptoms of
BMM were the coexistence of anemia and thrombocyto-
penia (26.9%), anemia (19.4%), and pancytopenia (17.9%).
Anemia was mainly Grades 2-3, accounting for 80.6% of
cases. Platelet counts were normal in 44.8% of the patients,
and thrombocytopenia was mostly Grades 2-3, account-
ing for 41.8% of cases. Leukopenia was mostly Grades 0-1,
accounting for 80.6% of cases. Fever was mostly Grades
0-1, accounting for 94.0% of cases. The patient body tem-
perature fluctuated between 37.5°C and 39.9°C, without
chills. The characteristics of the 67 patients are presented
in Tables 1 and 2.
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At MBC diagnosis, the bones were the first metastatic
sites in 52 (77.6%) cases. The time from BM to BMM
ranged from O to 104.0 months, and the median time was
17.0 months. Nine patients (13.4%) had BMM and BM si-
multaneously, whereas the other 58 (86.6%) patients had
BMM after BM. The BMM-free interval ranged from 0 to
218.4 months, and the median BMM-free interval was
52.1 months.

3.2 | Patient treatment approaches after
BMM diagnosis

The median prior therapy line was two lines for MBC
(range, 0-5). Regarding treatment after BMM, 21 pa-
tients received endocrine therapy. Among them, three
patients were treated with a combination of endocrine
therapy and cyclin-dependent kinase 4/6 (CDK4/6) in-
hibitors. Eight patients were treated with aromatase in-
hibitors, and five patients were treated with fulvestrant.
The rest of the patients were treated with medroxypro-
gesterone. Thirteen patients received combined chemo-
therapy, among whom seven received taxane-based
chemotherapy, while six received vinorelbine-based
chemotherapy. Seventeen patients were treated with
mono-chemotherapy, 13 of whom received taxane mono-
therapy (two patients with HER2+ tumors were treated

l 3843 patients (all stages from June 1, 2010 to May 31, 2020) |

554 Excluded
515 early cases
39 combined with other malignant tumors

—

‘ 3289 metastatic patients(at initial diagnosis or during follow-up) |

61 Excluded
Electronic information lack
(the metastatic sites were unknown)

>

3228 cases

1903 patients (first diagnosis MBC in our center)

1325 patients (first diagnosis MBC in other
centers)

126 BM aspiration/biopsy

59 Excluded

1 leukaemia

57 non-BMM

1 myelodysplastic syndrome

16 untreated before BMM for MBC |

67 cases (bone marrow metastases(BMM))

51 treated before BMM for MBC ‘

FIGURE 2 Schematic diagram of 21 endocrime therapy

13 com-chemotherapy

17 mono-chemotherapy 16 untreated

patient selection (n = 67).
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TABLE 1 Clinical characteristics of 67 patients with BMM and univariate analysis of BMMOS.

Characteristics
Age (years)

<50

>50
Sex

Female

Male

Menstrual status

Premenopause/Perimenopause

Postmenopause
Stage of initial diagnosis
I
II
I1I
I\Y%
DFS (months)
<24
=24
BMM-free interval (months)
<36
>36

Time between BM and BMM
(months)

<10
>10
Molecular type
HR+/HER2—
HER2+
TNBC
Combined metastatic site
Viscera
Non-viscera

Treatment for MBC before
diagnosis of BMM

No

Yes

Endocrine therapy
Chemotherapy

Therapy at the diagnosis of
BMM in cases with prior
chemotherapy

Chemotherapy
Endocrine therapy
Untreated

Patient (n)

40
27

66

40
26

19
21
25

33
34

35
32

34
33

49

23

16
51
36
35
35

23
10

Percentage

60.0
40.0

98.5
1.5

60.0
38.8

3.0

28.4
31.3
37.3

49.3
50.7

52.2
47.8

50.7
49.3

73.1
13.4
13.4

65.7
34.3

23.9
76.1
53.7
52.2
52.2

65.7
28.6
5.7

Median BMMOS
(months)

15.7
5.2

15.7
5.2

13.7
5.7

1.7
6.5
V22
9.7

7.1
9.7

7.6
6.5

15.7
6.5

9.7
7.1
23

18.6
6.1

22.7
6.5

X
2.460

0.422

9.732

0.017

0.75

0.973

5.722

2.143

2.565

0.117

0.516

0.021

0.897

0.386

0.324

0.057

0.143

0.109
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TABLE 1 (Continued)

Characteristics Patient (n) Percentage
Previous lines of therapies for
metastatic disease

0 16 23.9

1-2 32 47.8

>3 19 28.3
With or without fever

No 55 82.1

Yes 12 17.9
WBC (x10°/L) count

Normal 43 64.2

Low 24 35.8
Hemoglobin (g/L)

>80 38 56.7

<80 29 43.3
PLT (x10°/L) count

>75 34 50.7

<75 33 49.3
Therapy after BMM

Endocrine therapy 21 31.3

Com-chemotherapy 13 19.4

Mono-chemotherapy 17 253

Untreated 16 23.9
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Median BMMOS
(months) X p

2.779 0.249

22.7
7.2
5.7

0.402 0.526
6.1
9.7

0.372 0.541
8.6
7.2

1.639 0.200
8.6
5.7

8.613 0.003
16.6
4.9

20.102 <0.001
15.7
9.7
8.6

2.9

Abbreviations: BM, bone metastases; BMM, bone marrow metastases; BMMOS, overall survival following diagnosis of bone marrow metastases; DFS, disease-
free survival; HER2, human epithelial growth receptor-2; HR, estrogen receptor; MBC, metastatic breast cancer; PLT, platelet; TNBC, triple-negative breast

cancer; WBC, white blood cell.

with taxane + trastuzumab + pertuzumab regimen), while
four were treated with single capecitabine monotherapy.
Sixteen patients remained untreated.

3.3 | BMMOS and factors
affecting BMMOS

At the time of the latest follow-up, 51 (76.1%) patients
had died (the detailed time of death was unknown for 6
patients), 12 (17.9%) patients survived, and 4 (6.0%) pa-
tients were lost to follow-up. The median BMMOS was
7.6 months (95% CI, 3.9-11.3) (Figure 3). There was no
significant difference in the BMM-free interval between
<36 months and >36 months (x2 =0.75, p = 0.386). There
was no significant difference in the molecular types
HR+/HER2—, triple-negative, and HER2+ (y* = 5.722,
p = 0.057). There was no significant difference between
the presence or absence of fever (y* = 0.402, p = 0.526),
between normal or abnormal WBC count (y* = 0.372,

p = 0.541), and between hemoglobin levels >80 or <80 g/L
(x* = 1.639, p = 0.200). In contrast, there was a signifi-
cant difference between platelet counts >75x10°/L and
<75%10°/L (%* = 8.613, p = 0.003) (Table 3).

The BMMOS of patients who received endocrine ther-
apy, combined chemotherapy, and mono-chemotherapy
after BMM was 15.7, 9.7, and 8.6 months, respectively,
whereas that of untreated patients was 2.9 months. The
difference among the results was statistically signifi-
cant (y* = 20.102, p <0.0001). The effects of the differ-
ent treatments on BMMOS are shown in Figure 4 and
Table 3.

Factors with a p-value <0.15 in the univariate anal-
ysis were entered into a multivariate Cox regression
model. Such factors include age, stage, molecular sub-
type, metastatic sites (visceral or nonvisceral), with or
without therapy before BMM, platelet count, and treat-
ment after BMM. The results showed that age, plate-
let count, and treatment after BMM affected BMMOS
(Tables 1 and 4).
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Characteristics Patient (n)
Fever
Grade 0 55
Grade 1
Grade 2 4
Anemia
Grade 0 11
Grade 1 2
Grade 2 25
Grade 3 29
Leukopenia
Grade 0 43
Grade 1 11
Grade 2 11
Grade 3 2
Thrombocytopenia
Grade 0 30
Grade 1 4
Grade 2 13
Grade 3 15
Grade 4 5
Symptom of initial diagnosis BMM
Fever only 3
Anemia only 13
Thrombocytopenia only 1
Leukopenia only 2
Anemia + thrombocytopenia 18
Anemia +leukopenia 4
Thrombocytopenia + leukopenia
Pancytopenia 12
Pancytopenia + fever 1
Fever +anemia 4
Fever 4+ anemia + thrombocytopenia 2
Fever + anemia + leukopenia 2

Abbreviation: BMM, bone marrow metastases.

3.4 | Hemogram parameters and/or
body temperature change of 68 regimens
after BMM

The 67 patients with BC and BMM underwent a total of
119 therapeutic regimens after BMM. Sixty-eight regi-
mens with efficacy evaluation confirmed by imaging
examinations, and simultaneous evaluation of body tem-
perature and/or hemogram parameters, were included. Of
these regimens, 38 regimens improved the hemogram pa-
rameters and/or body temperature, 10 regimens worsened
body temperature and/or hemogram parameters, while

TABLE 2 Symptom classification in

P t
ercentage the diagnosis of BMM.

82.1
11.9
6.0

16.4
3.0

37.3
43.3

64.2
16.4
16.4
3.0

44.8
6.0
19.4
22.4
7.4

4.4
19.4
1.5
3.0
26.9
6.0
4.4
17.9
1.5
6.0
3.0
3.0

the remaining 20 regimens did not affect body tempera-
ture and/or hemogram parameters (Table 5).

Among the 14 patients with PR confirmed by imag-
ing examinations, 13 cases showed improvements in he-
mogram parameters and/or body temperature. Likewise,
in the 18 cases which showed PD confirmed by imaging
examinations, the hemogram parameters and/or body
temperatures deteriorated in eight cases and remained
unchanged in nine cases (Table 5). Changes in patient
hemogram parameters and/or body temperature during
treatment were consistent with the efficacy confirmed by
imaging examinations (p <0.0001).
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TABLE 4 Multivariate analysis of factors associated with
BMMOS.

B p CI (95%)
Age —0.875  0.008 0.417
(0.218-0.798)
Thrombocytopenia —1.059  0.002 0.347
(0.180-0.668)
Therapy after BMM <0.001
Therapy after —-1.678 <0.001 0.187
BMM-ET (0.078-0.445)
Therapy after —1.457  0.002 0.233
BMM-Com-CT (0.093-0.585)
Therapy after —-1.969 <0.001  0.140

BMM-Mono-CT (0.057-0.345)

Abbreviations: BMM, bone marrow metastases; BMMOS, overall survival
following diagnosis of bone marrow metastases; Com-chemotherapy,
combined therapy; ET, endocrine therapy; Mono-CT, mono-chemotherapy.

showed that patients with BMM generally had low-
grade fever without chills and normal WBC counts, and
those with leukopenia only had a small probability of
BMM. Similarly, low-grade fever was also reported in
three previous studies.*®° Considering these results, if
there is an unexplained reduction in hemogram param-
eters, especially anemia and/or thrombocytopenia, and/
or unexplained fever without chills among BC patients
with BM, BMM should be suspected. In addition, five
patients in this study received a BMM diagnosis after
two bone marrow aspiration smears/biopsies, which
suggests that multiple bone marrow aspiration smears/
biopsies should be recommended for patients with sus-
pected BMM.

| G el

censored

. mom-chemotherapy-

censored

—+—untreated-censored

TABLE 5 The relationship between change of hemogram
and/or body temperature and the efficacy confirmed by imaging
examinations after BMM.

Efficacy Change of hemogram and/or body
confirmed temperature

by imaging

examinations Improved Unchanged Deteriorative
PR 13 1 0

SD 15 10 2

SD >6 months 9 0 0

PD 1 9 8

Abbreviations: BMM, bone marrow metastases; PD, progressive disease; PR,
partial response; SD, stable disease.

The results of the univariate and multivariate analyses
showed that BMMOS was associated with platelet count.
In contrast, BMMOS had less correlation with a reduc-
tion in the WBC count and hemoglobin level, which was
only reported in one previous study.” It is well known that
thrombocytopenia recovers slowly, and treatment is sty-
mied by the immaturity of current drugs to treat throm-
bocytopenia and the absence of specific recommendations
to prevent thrombocytopenia.”* A possible reason for this
may be that BMM affects the hematopoietic function of the
bone marrow and results in decreased tolerance to chemo-
therapy, which ultimately leads to a short survival time.’
Trilaciclib, an intravenous CDK4/6 inhibitor, demonstrated
an improvement in the patient's chemotherapy tolerability,
as shown by myelopreservation across multiple hematopoi-
etic lineages resulting in fewer supportive care interven-
tions and dose reductions. Whether or not trilaciclib plays a
role in BC with BMM needs further investigation.*
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In the current study, we found that 73.1% of the pa-
tients with BMM had HR+/HER2— tumors, which was
consistent with the results of previous studies.*® Various
guidelines' ™ recommend endocrine therapy as the
preferred treatment for patients with advanced HR+ BC
unless there are concerns regarding a life-threatening dis-
ease or endocrine resistance. We also found that, similar
to patients without BMM, patients with HR+/HER2—
BMM could benefit from endocrine therapy (BMMOS,
15.7 months). Currently, endocrine therapy and targeted
therapy'7**? aimed at HR+/HER2— tumors further im-
prove the prognosis of patients. However, no study has
confirmed the benefit of this therapeutic strategy in pa-
tients with visceral metastases. The RIGHT Choice study
(NCT03839823) is exploring the combination of endo-
crine therapy and a CDK4/6 inhibitor in comparison
with chemotherapy in the setting of significant visceral
impairment, and the results will answer this question. At
present, expert consensus suggests.33 that patients with ex-
tensive BMM and poor clinical chemotherapy tolerance
could be treated with CDK4/6 inhibitors combined with
endocrine drugs.

We found that the BMMOS of patients who under-
went treatment after the diagnosis of BMM was signifi-
cantly longer than that of untreated patients (2.9 months,
p<0.0001).>%*' Patients with BMM have significant
hemogram abnormalities, and chemotherapy that leads
to bone marrow suppression may further aggravate bone
marrow abnormalities. These increase the risk associ-
ated with chemotherapy, which may be the reason that
clinicians are reluctant to administer aggressive chemo-
therapy. However, bone marrow suppression is caused by
tumor invasion, and treatment can only briefly improve
the levels of the blood cells by destroying the tumor cells.
In this study, the BMMOS of patients who underwent
mono-chemotherapy and combined chemotherapy were
8.6 and 9.7 months, respectively. Thus, after the diagnosis
of BMM in chemo-sensitive patients, rather than reject-
ing chemotherapy because of an abnormal hemogram,
a highly efficient chemotherapy regimen that has mild
side effects and good tolerability, for example, utidelone,*
programmed cell death protein 1 (PD-1),'® programmed
death-ligand 1 (PD-Ll),35 or bevacizumab,*® should be
chosen.

This study also revealed that the improvement or dete-
rioration of body temperature and hemogram parameters
during treatment was consistent with the overall effect
confirmed by imaging examinations (p <0.0001). In other
words, when the treatment is effective, the patient's body
temperature and/or hemogram parameters improves or
returns to normal, and as the disease progresses, fever
and/or cytopenia will reappear. Thus, hemogram param-
eters and/or body temperature change may be indicators
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of treatment efficacy, especially in BC patients combined
with BM only. Knowing this, clinicians can then adjust the
treatment plan to prevent delayed treatment.

This study had some limitations. First, the baseline
characteristics of patients treated with different therapies
were not consistent. Thus, it was not possible to accurately
compare the treatment efficacy, and further verification is
necessary. Next, the total number of patients in the study
was small, and the number of patients assigned to each
molecular subtype was relatively low. Thus, there was a
low statistical power for some data, and further investiga-
tion is therefore required to obtain more data and higher
statistical power. In addition, the diagnosis of BMM is de-
pendent on the performance of a bone aspiration smear
and/or trephine biopsy, which was not routinely done.
Therefore, the study included intrinsic selection and in-
dication bias. Moreover, we were unable to explore the
efficacy of other treatment methods, such as CDK4/6 in-
hibitors, novel chemotherapeutic drugs, antibody-drug
conjugate drugs, anti-HER2 therapy, and PD-1/PD-L1,
on BMM and this needs further exploration. Additionally,
further exploration of the underlying mechanism of
BMM, including the roles of bone marrow mammaglo-
bin-1 (SCGB2A2)*” or miRNA-1231 in exosomes™ in BC
with BMM, is needed. This study is also limited by the fact
that it spans a 10-year period and the updated treatment
methods will affect the choice of treatment strategies and
BMMOS.

5 | CONCLUSIONS

BMM should be considered in BC patients with BM if
an unexplained reduction in hemogram parameters, es-
pecially anemia and thrombocytopenia, and/or fever
without chills occur. Active, effective, and individualized
treatment strategies can prolong BMMOS. When formu-
lating treatment plans for patients, consistent with the
metastasis treatment strategies for other sites, we need to
comprehensively select active and individualized treat-
ment plans for patients according to their molecular type,
previous treatment plans, sensitivity to drug treatment,
and adverse drug treatment reactions. Our findings may
assist clinicians with assessing the characteristics, diagno-
sis, treatment, and prognosis of MBC with BMM.
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