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Objective This study aimed to identify laboratory indicators with significant implications for bone 
marrow invasion in gastric cancer patients and to evaluate their prognostic value. Methods A 
retrospective analysis of the clinical data of 320 gastric cancer patients who underwent either bone 
marrow cytological examination or bone marrow biopsy at our hospital between January 2013 and 
December 2023 was conducted. Among these patients, 31 patients with confirmed bone marrow 
invasion composed the study group, whereas 34 stage IV gastric cancer patients without bone marrow 
invasion composed the control group. Differences in demographic and laboratory data between the 
two groups were compared. Receiver operating characteristic curves were used to identify valuable 
indicators for predicting bone marrow invasion in patients with gastric cancer. Survival analysis was 
performed using the Kaplan‒Meier method and included the plotting of survival curves. Additionally, 
Cox proportional hazards regression analysis was performed to evaluate independent prognostic 
factors. Results Significantly different values (all P < 0.05) were observed for age, peripheral blood 
immature cells, Hb, PLT, SII, FIB, PT, FDP, D-Dimer, FDP/FIB, CEA, and CA72-4 between stage IV 
gastric cancer patients with and without bone marrow infiltration. The ROC analysis indicated that at 
a threshold value of 5.197 for FDP/FIB, the AUC was 0.958 (P < 0.01). Within the cohort of 65 stage IV 
gastric cancer patients, those with bone marrow invasion and high FDP/FIB ratios exhibited notably 
shorter median survival times than those without bone marrow invasion and with low FDP/FIB ratios 
(χ2 = 25.928, 20.128, P < 0.001). Multivariate analysis demonstrated that bone marrow invasion 
(HR = 4.148, P = 0.020) and the FDP/FIB ratio (HR = 1.026, P = 0.024) were independent risk factors 
influencing the prognosis and survival outcome of stage IV gastric cancer patients. Among the subset 
of 31 gastric cancer patients with bone marrow invasion, the median survival time for the high FDP/
FIB group was 22 days, which was significantly shorter than the 60 days observed in the low FDP/FIB 
group (χ2 = 8.479, P = 0.004). Conclusion The FDP/FIB ratio can serve as an important indicator for the 
diagnosis and prognostic evaluation of bone marrow invasion in patients with gastric cancer.
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The prevalence of gastric cancer, which is the most common malignant tumour of the digestive system globally 
and one of the main causes of cancer-related deaths, is significantly high1,2. Distant metastasis and local recurrence 
present substantial challenges in the treatment of patients with advanced gastric cancer, particularly those 
exhibiting bone marrow infiltration, which typically suggests rapid disease progression and a poor prognosis. 
Reports indicate that bone marrow infiltration occurs in various common nonhaematologic malignancies3–7, 
with gastric cancer being one of the primary tumours frequently associated with such involvement8. However, 
owing to the heterogeneous nature of tumour cells and the varying degrees of bone marrow involvement, the 
clinical manifestations of gastric cancer-related bone marrow infiltration are both complex and diverse, lacking 
specificity and contributing to a high misdiagnosis rate. Currently, there is a paucity of robust biomarkers for the 
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early identification of bone marrow infiltration in clinical settings. While the median survival time for patients 
with advanced gastric cancer is typically less than one year9, the presence of bone marrow invasion significantly 
shortens the overall survival time10,11. Research suggests that active treatment of cancer patients with bone 
marrow invasion can prolong survival and enhance quality of life12–15. Thus, early identification of bone marrow 
invasion and prompt adjustment of treatment strategies hold paramount importance for the prognostication of 
gastric cancer patients.

Currently, primary indications for bone marrow evaluation in clinical settings include significant 
nontreatment-related blood cell depletion that is refractory to correction or evidence of multiple bone lesions 
on imaging. Patients with subtle clinical symptoms or inconspicuous imaging findings are at increased risk of 
being overlooked16,17. The timely identification of bone marrow infiltration poses a critical challenge for health 
care practitioners and laboratory professionals. Few documented cases and insufficient systematic investigations 
concerning bone marrow involvement in gastric cancer exist. This retrospective study delves into analysing the 
clinical and laboratory characteristics of gastric cancer patients with bone marrow invasion, conducting survival 
analysis, exploring laboratory biomarkers with predictive value for bone marrow infiltration, and determining 
their prognostic implications.

Results
Comparison of general data between gastric cancer patients with bone marrow invasion and 
those without invasion
Among the 31 patients with bone marrow invasion, 17 patients were aged ≤ 50 years (54.8%), whereas 14 patients 
were aged > 50 years (45.2%). Immature red cells were observed in 19 patients (61.3%), and immature granulocytes 
were observed in 16 patients (51.6%) via peripheral blood smears. These differences were statistically significant 
compared with those in the nonbone marrow invasion group (P < 0.05). However, there were no statistically 
significant differences in terms of gender, bone marrow hyperplasia, or bone marrow necrosis between these two 
groups (P > 0.05), as outlined in Table 1.

Bone marrow morphology and histopathological characteristics of patients with gastric 
cancer with bone marrow invasion
Figure  1A-C illustrates the characteristics of cancer cells in bone marrow smears from patients with gastric 
cancer with bone marrow invasion. Cancer cells typically exhibit a large and irregular morphology and tend 
to aggregate in clusters. The chromatin appears as coarse granules, the cytoplasm is rich and deep blue, and 
red granules are also observed. Vacuoles, multiple nuclei, and nuclear division may be present in some cells. 
Furthermore, in cases of bone marrow necrosis, certain nuclear cells may display signs of dissolution.

A total of eight gastric cancer patients with bone marrow invasion underwent bone marrow biopsy, as shown 
in Fig. 1D-F. Among them, cancer cells were diffusely dispersed in the trabecular bone interstitium in six patients, 
whereas they exhibited a focal distribution in two patients. In certain regions, cancer cells were organized in 
glandular formations, accompanied by a notable decrease in or absence of granulocytes, erythrocytes, and 
megakaryocytes. The reticulin staining results indicated varying degrees of bone marrow fibrosis in all eight 

Clinical parameters Non - bone marrow invasion (n = 34) Bone marrow invasion (n = 31) χ2 / t / Z value P value

Gender [number (%)]

Male 21 (61.8%) 23 (74.2%) 1.145 0.285

Female 13 (38.2%) 8 (25.8%)

Age [number (%)]

≤ 50 7 (20.6%) 17 (54.8%) 8.168 0.004

> 50 27 (79.4%) 14 (45.2%)

Degree of bone marrow hyperplasia

Extremely active 0 (0%) 1 (3.23%) 6.382 0.094

Significantly active 4 (11.76%) 7 (22.58%)

Active 28 (82.35%) 17 (54.84%)

Decrease 2 (5.88%) 6 (19.35%)

Bone marrow necrosis

Yes 0 (0%) 2 (6.45%) 2.2663 0.132

No 34 (100%) 29 (93.55%)

Immature red blood cells in PB

+ 0 (0%) 19 (61.3%) 29.446 < 0.001

- 34 (100%) 12 (38.7%)

Immature granulocytes in PB

+ 0 (0%) 16 (51.6%) 23.278 < 0.001

- 34 (100%) 15 (48.4%)

Table 1.  Comparison of general characteristics between gastric cancer patients with bone marrow invasion 
and those without invasion (n %).
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patients, with five cases graded as 2–3 and three cases as grade 1. Immunohistochemical staining revealed strong 
positive results for metastatic cancer cells using CEA and broad-spectrum CK markers.

Comparison of laboratory test indicators between patients with and without bone marrow 
invasion in gastric cancer
Table  2 shows that the SII and Hb, PLT, and FIB levels were significantly lower in the gastric cancer bone 
marrow invasion group than in nonbone marrow invasion group, whereas the FDP, D-Dimer, CEA, and CA72-4 
levels, PT, and FDP/FIB ratio were notably greater in the former group, all of which were significantly different 
(P < 0.05). There were no statistically significant differences in the WBC, NE, LY, ALB, or CA19-9 levels, NLR, 
PNI, APTT, TT, or FDP/D-Dimer between the two groups (P > 0.05).

Diagnostic efficiency of each indicator for bone marrow invasion in patients with gastric 
cancer
By utilizing the occurrence of bone marrow invasion as the decisive event, ROC analysis was conducted on 
key detection parameters within the 31 patients in the bone marrow invasion group and the 34 patients in 
the nonbone marrow invasion group. The findings are presented in Fig.  2; Table  3. Hb, PLT, PT, FIB, FDP, 
D-Dimer, the FDP/FIB ratio, and CA72-4 exhibited AUC values exceeding 0.7, indicating substantial diagnostic 
effectiveness in detecting bone marrow invasion in patients with gastric cancer. Notably, FDP, D-Dimer, 
and the FDP/FIB ratio demonstrated AUC values greater than 0.9, indicating elevated diagnostic efficacy in 
differentiating between invasive and noninvasive samples. In particular, the FDP/FIB ratio exhibited the most 
superior diagnostic efficacy, achieving an AUC of 0.958 at a threshold of 5.197. The sensitivity and specificity of 
this indicator were 90.30% and 97.10%, respectively (P < 0.01), with a positive predictive value (PPV) of 96.55% 
and a negative predictive value (NPV) of 91.67%. These findings further underscore the significant potential of 
the FDP/FIB ratio in diagnosing bone marrow invasion in patients with gastric cancer.

Influence of bone marrow invasion and the FDP/FIB ratio on the survival of patients with 
stage IV gastric cancer
Among the 65 patients diagnosed with stage IV gastric cancer, 47 deaths were recorded, resulting in an overall 
survival rate of 27.69%. According to the X-tile program, the optimal cut-off value for fibrinogen degradation 
products (FDP) and fibrinogen (FIB) has been established at 18.913, thereby categorizing patients into low and 
high FDP/FIB groups. Kaplan–Meier analysis revealed that patients with bone marrow invasion and elevated 
FDP/FIB ratios had median survival times of 30 and 29 days, respectively, which were significantly lower than 
those without bone marrow invasion and those with lower FDP/FIB ratios, who survived for 212 and 155 days, 
respectively (χ2 = 25.928, 20.128, P < 0.001 for both), as illustrated in Fig. 3. Furthermore, patient age, Hb, PLT, 
PT, FIB, FDP, D-Dimer, CEA, and CA72-4 were correlated with patient survival time (χ2 = 6.730, 11.144, 7.347, 
3.900, 8.736, 29.826, 27.601, 5.206, 4.662, P < 0.05 for all). A multivariate Cox proportional hazards regression 
analysis revealed that bone marrow invasion (HR = 4.148, P = 0.020) and elevated FDP/FIB ratios (HR = 1.026, 

Fig. 1.  Morphological and pathological characteristics of gastric cancer with bone marrow invasion. A Wright 
Giemsa compound stain (200 ×). B, C Wright Giemsa Compound Stain (1000 ×). D H&E stain (200 ×). E IHC 
staining of Broad-spectrum CK (200 ×). F IHC staining of CEA (200 ×).
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Fig. 2.  ROC curves for indicators of bone marrow invasion in gastric cancer.

 

Clinical parameters Non - bone marrow invasion (n = 34) Bone marrow invasion (n = 31) t / Z value P value

WBC (×109/L) 7.115(4.860, 10.598) 9.010(5.800, 11.960) −1.333 0.182

NE (×109/L) 5.245(3.120, 8.700) 7.300(4.510, 9.460) −1.616 0.106

LY (×109/L) 1.212 ± 0.581 1.252 ± 0.700 0.254 0.800

Hb (g/L) 104.906 ± 19.657 88.913 ± 17.947 −3.414 0.001

PLT (×109/L) 193.000(97.000, 306.750) 53.000(33.000, 139.000) −4.269 < 0.001

ALB (g/L) 34.350(28.875, 41.600) 33.400(28.000, 36.000) −1.589 0.112

NLR 4.350(2.523, 8.599) 6.023(3.254, 12.247) −0.926 0.354

SII 749.727(298.888, 2599.369) 429.524(168.884, 637.182) −2.167 0.030

PNI 40.734 ± 7.361 38.034 ± 6.702 −1.541 0.128

PT (s) 11.950(11.375, 12.525) 13.500(12.700, 14.800) −4.876 < 0.001

APTT (s) 30.200(27.625, 31.225) 29.200(26.800, 34.200) −0.191 0.849

TT (s) 14.250(13.775, 15.325) 14.800(13.900, 17.400) −1.649 0.099

FIB (g/L) 3.655(3.140, 4.235) 1.990(1.120, 3.540) −4.092 < 0.001

FDP (mg/L) 5.950(2.278, 8.765) 57.420(22.820, 107.280) −5.930 < 0.001

D-Dimer (mg/L) 0.765(0.336, 1.119) 7.766(2.502, 25.977) −5.727 < 0.001

FDP/FIB 1.615(0.623, 2.564) 30.688(9.276, 73.273) −6.344 < 0.001

FDP/D-Dimer 7.868(6.815, 9.462) 8.682(5.687, 10.000) −0.920 0.358

CEA (ng/ml) 4.350(2.380, 10.420) 26.350(3.420, 286.700) −2.482 0.013

CA19-9 (U/ml) 23.610(11.193, 135.725) 76.230(7.910, 598.200) −1.058 0.290

CA72-4 (U/ml) 9.340(2.858, 50.845) 80.220(25.270, 300.000) −3.142 0.002

Table 2.  Comparison of laboratory testing results between patients with and without bone marrow invasion in 
gastric cancer (x ± s) / M (P25, P75).
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P = 0.024) were independent risk factors that significantly influenced the prognosis and survival time of stage IV 
gastric cancer patients, as outlined in Table 4.

Influence of the FDP/FIB ratio on the survival outcomes of patients with bone marrow 
invasion in gastric cancer
Twenty-four of the 31 patients with gastric cancer and bone marrow invasion succumbed to the disease, yielding 
an overall survival rate of 22.58%. Using X-tile software, the optimum cut-off for FDP/FIB was found to be 
30.688. The patients were subsequently divided into two groups based on their FDP/FIB ratio: a high group with 
15 patients and a low group with 16 patients. The high FDP/FIB group presented a median survival time of 22 
days, which was significantly shorter than the 60 days observed in the low FDP/FIB group (χ2 = 8.479, P = 0.004). 
This outcome underscores a significant correlation between FDP/FIB ratios and the survival time of individuals 
with bone marrow invasion in gastric cancer (Fig. 4).

Discussion
This study focused on patients with gastric cancer exhibiting bone marrow invasion, a distinct population that 
is uncommon among gastric cancer patients and has a significantly poor prognosis. The bone marrow serves as 
a significant site for tumour cells to metastasize to various target organs because of its loose tissue structure and 
unique sinusoidal vascular system, facilitating the concentration and retention of cancer cells. In some cases, 
tumours can metastasize to the bone marrow in early stages of development, occasionally resulting in the bone 
marrow being the sole site of occult metastasis18. The incidence of bone marrow invasion in patients with gastric 
cancer is relatively low19. A retrospective analysis conducted by Yakup et al.20on 896 gastric cancer patients 
revealed an incidence of 0.896% for bone marrow invasion. Our own study, which examined 3139 gastric cancer 
patients treated at our institution over an 11-year period, identified 31 instances of bone marrow invasion, 
leading to an incidence rate of 0.987%. Among the 320 cases subjected to bone marrow analysis, a detection rate 
of 9.69% was recorded, offering valuable clinical insights into the study of bone marrow invasion in patients with 
gastric cancer. Nonetheless, the invasive nature of bone marrow aspiration limits its widespread implementation 
among gastric cancer patients. Importantly, a negative result from a single bone marrow aspiration does not 
necessarily rule out bone marrow invasion, suggesting a likelihood of underestimation of the reported incidence 
rates. The presence of immature red blood cells and immature granulocytes in peripheral blood is an important 

Fig. 3.  Kaplan-Meier survival curve for overall survival of stage IV gastric cancer patients.

 

Clinical parameters AUC (95% CI) P value Sensitivity (%) Specificity (%) Cut-off value Youden’s index (%) PPV (%) NPV (%)

Hb (g/L) 0.730(0.607, 0.853) 0.001 80.60 61.80 102.4 0.424 65.78 77.77

PLT (×109/L) 0.808(0.702, 0.915) < 0.001 71.00 79.40 92.00 0.504 75.86 75.00

SII 0.657(0.523, 0.790) 0.030 83.90 50.00 839.766 0.339 57.14 69.56

PT (s) 0.852(0.752, 0.952) < 0.001 83.90 79.40 12.65 0.633 78.78 84.37

FIB (g/L) 0.796(0.682, 0.090) < 0.001 71.00 85.30 2.58 0.563 81.48 76.31

FDP (mg/L) 0.928(0.854, 1.000) < 0.001 87.10 94.10 13.685 0.812 93.10 88.88

D-Dimer (mg/L) 0.914(0.834, 0.993) < 0.001 87.10 94.10 1.628 0.812 93.10 88.88

FDP/FIB 0.958(0.911, 1.000) < 0.001 90.30 97.10 5.197 0.874 96.55 91.67

CEA (ng/ml) 0.679(0.544, 0.815) 0.013 74.20 67.60 6.125 0.418 67.64 74.19

CA72-4 (U/ml) 0.726(0.599, 0.854) 0.002 87.10 58.80 14.85 0.459 65.85 83.33

Table 3.  The predictive efficacy of laboratory indicators in assessing bone marrow invasion in gastric cancer.
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clue in laboratory tests for bone marrow invasion21, possibly related to extramedullary haematopoiesis or tumour 
cell infiltration disrupting the blood‒bone marrow barrier. Data from our study demonstrated that 61.3% of 
gastric cancer patients with bone marrow invasion presented immature red blood cells, whereas 51.6% presented 
immature granulocytes in peripheral blood smears, which aligns with literature reports22.

Morphological examination of bone marrow cells and bone marrow biopsy are crucial for the clinical 
diagnosis of bone marrow invasion. In this study, gastric cancer cells were predominantly present in clusters, 
characterized by large irregular cell bodies, multinucleated giant cells, and structures resembling cell division. 
The phenomenon of tumour cell fusion is frequently observed due to hyaluronic acid depolymerization. 
The identification of these clustered cells in bone marrow smears, in conjunction with the patient’s medical 
history, facilitates a relatively straightforward diagnosis, while individual scattered tumour cells pose challenges 
in distinguishing certain malignant tumour cells within the haematopoietic system, necessitating cautious 
assessment. Among the 8 patients subjected to bone marrow biopsy, tumour cells exhibited diffuse distribution 
primarily, with some cases demonstrating focal or patchy patterns, alongside varying degrees of bone marrow 
fibrous tissue hyperplasia in all individuals. By avoiding sample dilution arising from bone marrow fibrosis, 
bone marrow biopsy preserves the structural integrity of the marrow tissue, and when combined with 
immunohistochemical staining, it enhances the identification of focal or scattered tumour cells, substantially 
improving the diagnostic accuracy23. Haematological changes often serve as the initial clinical indicators of 
bone marrow invasion, yet the current lack of specific markers results in insufficient vigilance among clinicians 

Univariate analysis Multivariate analysis

n Median OS(day) χ2 value P value HR value 95% CI P value

Bone marrow invasion

 + 31 30
25.928 < 0.001 4.148 1.253–13.737 0.020

 - 34 212

Age (Years)

 ≤ 55.5 30 59
6.730 0.009 1.006 0.979–1.035 0.649

 > 55.5 35 171

Hb (g/L)

 ≤ 102.4 38 44
11.144 0.001 0.985 0.964–1.006 0.159

 > 102.4 27 351

PLT (×109/L)

 ≤ 92 29 44
7.347 0.007 0.997 0.993–1.001 0.128

 > 92 36 155

SII

 ≤ 839.766 43 60
1.629 0.202 1.000 1.000–1.000 0.073

 > 839.766 22 155

PT (s)

 ≤ 12.65 32 155
3.900 0.048 0.971 0.743–1.270 0.831

 > 12.65 33 58

FIB (g/L)

 ≤ 2.58 27 44
8.736 0.003 1.124 0.759–1.664 0.560

 > 2.58 38 155

FDP (mg/L)

 ≤ 13.685 36 212
29.826 < 0.001 0.988 0.969–1.008 0.252

 > 13.685 29 30

D-Dimer (mg/L)

 ≤ 1.628 36 212
27.601 < 0.001 1.025 0.974–1.079 0.346

 > 1.628 29 32

FDP/FIB

 ≤ 5.197 36 212
25.370 < 0.001 1.026 1.003–1.050 0.024

 > 5.197 29 32

CEA (ng/ml)

 ≤ 6.125 31 171
5.206 0.023 1.001 0.999–1.002 0.489

 > 6.125 34 59

CA72-4 (U/ml)

 ≤ 14.85 24 210
4.662 0.031 0.996 0.992–1.000 0.053

 > 14.85 41 59

Table 4.  Single-factor and multi-factor analysis of the prognosis of stage IV gastric cancer patients.
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regarding bone marrow aspiration, leading to potential oversight or misdiagnosis of bone marrow invasion. 
Hence, there is an urgent need to investigate haematological indicators associated with bone marrow invasion.

Compared with patients in other cohorts, patients with bone marrow invasion presented significant 
reductions in haemoglobin and platelet levels and the SII, along with notable increases in the tumour markers 
CEA and CA72-4. These findings may be linked to multiple factors: (1) Infiltration of cancer cells can disrupt the 
bone marrow microenvironment, resulting in damage to stem cells and suppression of haematopoietic growth 
factor secretion by bone marrow stromal cells, resulting in haematopoietic dysfunction and decreased blood cell 
counts24,25. (2) Bone marrow mesenchymal stem cells and the chemokine CCL12 have the potential to promote 
the formation of tumour cells within the bone marrow microenvironment, contributing to tumour progression, 
proliferation, and metastasis26,27. (3) Stomach cancer cells directly induce the differentiation and activation of 
osteoclasts19,28, triggering the secretion of numerous growth factors that expedite the proliferation of stomach 
cancer cells, disrupt normal haematopoiesis, and result in elevated levels of tumour markers. Additionally, 
patients with bone marrow invasion displayed noticeable alterations in coagulation function.

Despite existing research investigating the roles of FDP and FIB in tumours29–31, studies assessing the FDP/
FIB ratio as a diagnostic and prognostic marker in patients with gastric cancer involving bone marrow invasion 
remain largely exploratory. After bone marrow invasion, venous thrombosis and disseminated intravascular 
coagulation often occur32–34, with multiple underlying mechanisms: (1) Cancer cells infiltrating the bone marrow 
release various factors that readily enter the bloodstream, including coagulation and fibrinolytic enzymes that 
activate the coagulation and fibrinolytic systems, as well as cytokines that promote the activation of coagulation 
factors and induce the formation of neutrophil extracellular traps (NETs) to enhance coagulation35,36. (2) Bone 
marrow-infiltrating cancer cells engage in osteoclast activation, inducing tissue factor and Xa factor through the 
RANKL-dependent pathway to trigger the extrinsic coagulation pathway19. (3) An increase in the number of 
circulating tumour cells causes an increase in blood viscosity while also triggering the release of tissue factors, 
platelet activation, VWF production, and thrombosis induction37. The FDP/FIB ratio demonstrated the highest 
diagnostic efficacy in distinguishing between bone marrow invasion and nonbone marrow invasion, with a 
sensitivity, specificity, PPV, and NPV all exceeding 90%. This finding suggests that FDP/FIB ratios not only 
effectively identify patients with bone marrow invasion but also aid in excluding low-risk patients. FDP refers to 
fibrin degradation products, whereas FIB serves as the substrate in thrombin and fibrinolytic enzyme reactions. 
Elevated FDP/FIB ratios indicate a likely state of hyperfibrinolysis in patients; thus, a heightened FDP/FIB ratio 
strongly suggests the presence of bone marrow invasion.

Fig. 4.  Kaplan-Meier survival curve for overall survival of gastric cancer patients with bone marrow invasion.
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Prognostic analysis demonstrated that in a cohort of 65 patients with stage IV gastric cancer, those with 
bone marrow invasion and elevated FDP/FIB ratios had median survival times of 30 and 29 days, respectively. 
These figures were notably lower than those of patients without bone marrow invasion and with lower FDP/
FIB ratios, who had median survival times of 212 and 155 days, respectively, aligning closely with findings from 
prior studies8,11,38. Both single-factor and multifactor analyses identified bone marrow invasion and elevated 
FDP/FIB ratios as independent risk factors impacting the prognosis of stage IV gastric cancer patients. Notably, 
within the subgroup of 31 gastric cancer patients exhibiting bone marrow invasion, those with high FDP/FIB 
ratios experienced a median survival time of 22 days, which was significantly shorter than that of patients with 
lower FDP/FIB ratios (60 days). These findings highlight a strong association between elevated FDP/FIB ratios 
and survival outcomes in gastric cancer patients with bone marrow invasion.

In conclusion, our study systematically validated for the first time the diagnostic efficacy and prognostic 
value of the FDP/FIB ratio by comparing the clinical data and laboratory indicators of stage IV gastric cancer 
patients with and without bone marrow invasion. We confirmed that the FDP/FIB ratio can serve as an 
important indicator for the diagnosis and prognostic evaluation of bone marrow invasion in patients with gastric 
cancer. This finding not only introduces a new tool for clinical diagnosis but also opens new avenues for future 
research. Therefore, monitoring FDP/FIB ratios and promptly conducting bone marrow puncture examinations 
upon detecting abnormalities can lead to a clear diagnosis, allowing proactive treatment measures to improve 
patient prognosis. This study is retrospective and is subject to bias caused by the small sample size and single-
centre design. Further research involving large samples and multiple centres is needed to validate the reliability 
and generalizability of the FDP/FIB ratio as a diagnostic and prognostic marker and to explore the interaction 
between bone marrow invasion and other relevant factors.

Materials and methods
Patients
This retrospective study analysed the data of 3139 patients who were diagnosed with gastric cancer at the Fourth 
Hospital of Hebei Medical University between January 2013 and December 2023. Among them, 320 patients 
underwent either bone marrow cytological examination or bone marrow biopsy, leading to the confirmation of 
bone marrow invasion in 31 patients. The incidence rate of bone marrow involvement was 0.987%, with an overall 
detection rate of 9.69%. The inclusion criteria were pathologically confirmed primary gastric cancer, evidence 
of bone marrow involvement via cytology or biopsy, and the availability of complete laboratory test results. The 
exclusion criteria were the presence of concomitant malignant tumours in other locations; a history of significant 
cardiac, cerebral, or renal impairments; and inadequate clinical or laboratory data. Additionally, 34 stage IV 
gastric cancer patients without bone marrow involvement served as the control group during the same period. 
All patients underwent a chemotherapy regimen based on platinum and fluorouracil. The diagnostic and staging 
standards for all patients were in accordance with the 8th edition of the International Union Against Cancer/
American Joint Committee on Cancer (UICC/AJCC) TNM staging criteria for gastric cancer. All methods were 
performed in accordance with the relevant guidelines and regulations, and the study received approval from the 
Ethics Committee of the Fourth Hospital of Hebei Medical University (Approval No: 2021KS037). Informed 
consent was waived by the Medical Ethics Committee of the Fourth Hospital of Hebei Medical University since 
this was a retrospective study.

Bone marrow aspiration/biopsy
Bone marrow samples were obtained from either the anterior or posterior superior iliac spine. Thin bone 
marrow smears were subsequently stained with Wright‒Giemsa and examined under a microscope to assess 
cell morphology. Next, the bone marrow biopsy samples were fixed in neutral formalin, decalcified with formic 
acid, and embedded in paraffin to create 3  μm thick tissue sections. These sections were then stained with 
H&E for morphological analysis. The grading of reticular fibre staining in the bone marrow tissue sections 
was conducted using a four-grade scale. In addition, the bone marrow sections were deparaffinized and 
hydrated via the SP immunohistochemical technique. This involved blocking endogenous peroxidase activity 
with 3% H2O2 for 15  min, followed by a 20-minute blocking step with goat serum antibodies. The sections 
were subsequently incubated with a primary antibody against broad-spectrum CK (from Fuzhou Maixin 
Biotechnology Development Co., Ltd., China) at 37  °C for 1 h and then treated with biotinylated secondary 
antibodies and a streptavidin-HRP complex. The analysis of CK expression in the bone marrow tissue was based 
on the percentage of positively stained cells and the intensity of staining.

Laboratory tests
Patient data and routine laboratory test results were collected within a one-week period surrounding the time of 
bone marrow tissue collection. The parameters included gender, age, bone marrow proliferation status, presence 
of bone marrow necrosis, presence of nucleated red blood cells and immature granulocytes in peripheral blood, 
white blood cell count (WBC), neutrophil count (NE), lymphocyte count (LY), haemoglobin (Hb), platelet 
count (PLT), albumin (ALB), prothrombin time (PT), activated partial thromboplastin time (APTT), thrombin 
time (TT), fibrinogen (FIB), fibrinogen degradation products (FDP), D-Dimer (D-Dimer), carcinoembryonic 
antigen (CEA), carbohydrate antigen 19 − 9 (CA19-9), carbohydrate antigen 72 − 4 (CA72-4), neutrophil/
lymphocyte ratio (NLR), systemic immune inflammation index (SII), prognostic nutritional index (PNI), FDP/
FIB ratio, and FDP/D-Dimer ratio. The calculation formulas are as follows: NLR = neutrophil count/lymphocyte 
count; SII = neutrophil count × platelet count/lymphocyte count; PNI = albumin + 5 × lymphocyte count; FDP/
FIB = fibrinogen degradation products/fibrinogen; FDP/D-Dimer = fibrinogen degradation products/D-Dimer.
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Follow-up
Regular follow-up assessments were carried out via outpatient consultations, hospital monitoring, or phone 
interviews to ascertain the patients’ survival status. The follow-up period was concluded by January 2024 or 
upon patient death. In instances where there was no occurrence of an endpoint event or if the patient was lost to 
follow-up prematurely, the final recorded follow-up status and timestamp were treated as censored data. In this 
study, overall survival (OS) was defined as the duration between the confirmed date of bone marrow invasion 
and either the time of death or the most recent follow-up session.

Statistical analysis
We performed the statistical analysis using SPSS 25.0 and X-tile software, with the support of Prism 8.0 for 
graphical representation. Normality testing was conducted on all collected data. For normally distributed 
quantitative data, the mean values are reported as the means ± standard deviations (x ± s), and group comparisons 
were assessed using t tests. In the case of nonnormally distributed quantitative data, median values with 
interquartile ranges (M [P25, P75]) are presented, and group comparisons were carried out using the Mann‒
Whitney U test. Categorical data are expressed as frequencies and percentages, and comparisons between groups 
were made using the chi-square test. Receiver operating characteristic (ROC) curves were used to assess the 
predictive value of various indicators for bone marrow invasion in patients with gastric cancer. The optimal 
cut-off values were determined using X-tile software, which also facilitated data grouping. Survival analysis 
was performed using the Kaplan‒Meier method, and the resulting curves were compared with the log-rank 
test. Additionally, independent prognostic factors were identified through Cox proportional hazards regression 
analysis. A significance level of P < 0.05 was considered statistically significant.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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