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The value of routine bone marrow examination in patients
with extranodal NK/T‐cell lymphoma staged with PET/CT
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Abstract

Background: Limited evidence supports the omission of routine bone marrow (BM)

examination (biopsy and aspiration) in patients with nasal‐type extranodal NK/T‐cell
lymphoma (ENKTCL). This study was aimed at assessing whether BM examination

provides valuable information for positron emission tomography/computed to-

mography (PET/CT)–based staging in this patient population.

Patients and Methods: Patients newly diagnosed with ENKTCL who underwent

initial staging with both PET/CT and BM examination between 2013 and 2020 were

retrospectively identified in two Chinese institutions. Overall, 742 patients were

included; the BM examination was positive in 67 patients.

Results: Compared with BM biopsy alone, the combination of BM biopsy and

aspiration assessment did not afford any additional diagnostic value. No patient

with a positive BM biopsy was found to have early‐stage disease by PET/CT.
BM biopsy or PET/CT led to upstaging from stage III to IV as a result of BM

involvement in 21 patients. In 135 patients with distant organ involvement, BM

involvement was associated with worse overall survival (OS) and progression‐
free survival (PFS) compared with the corresponding durations in patients

without BM involvement (2‐year OS: 35.9% vs. 60.4%, p < .001; PFS: 26% vs.
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40.7%, p = .003). No difference in survival was noted between groups judged

positive based on PET/CT and BM biopsy.

Conclusion: Compared with aspiration, BM biopsy led to the detection of more BM

lesions. Baseline PET/CT can be safely used to exclude BM involvement in early‐
stage disease. Overall, routine BM examination affords diagnostic or prognostic

value over PET/CT in patients with advanced‐stage nasal‐type ENKTCL.
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INTRODUCTION

Extranodal NK/T‐cell lymphoma (ENKTCL) nasal type is a rare
neoplasm that is primarily prevalent in East Asia and less frequently

in Western countries.1–3 At initial diagnosis, 70% to 90% of patients

have early‐stage disease, and most can be cured by non-

anthracycline (non‐ANT)‐based chemotherapy and upfront radio-
therapy.4–12 On the other hand, patients with advanced‐stage
disease who were treated with primary chemotherapy showed

extremely poor survival.13–18 Thus, accurate staging and risk strat-

ification of disease are critical in the context of risk‐adapted
treatment strategies.5,7,19–21

Although some new prognostic indexes or staging systems have

been used for more accurate risk stratification,22–26 the Ann Arbor

classification remains an essential tool for the assessment of disease

burden in the era of non–ANT‐based regimens. Bone marrow (BM)
involvement is considered a sign of generalized disease and is asso-

ciated with a poor prognosis for ENKTCL and other lymphomas,

because it signifies stage IV according to the Ann Arbor staging

system.27,28 For many decades, the BM examination (biopsy and

aspiration) has been the benchmark test for the evaluation of BM

status and a cornerstone of the routine staging workup for lym-

phomas. Whole‐body positron emission tomography/computed to-
mography (PET/CT) is now commonly used as a standard staging

modality for fluorodeoxyglucose (FDG)‐avid aggressive lymphomas,
including ENKTCLs.5,29–31 However, routine BM examination is no

longer considered necessary in the normal staging of Hodgkin lym-

phoma (HL), because the occasionally missed BM involvement by

PET/CT rarely changes the risk assessment and management.30,32–34

In ENKTCLs, because of a lack of high‐level evidence, the staging
of BM involvement is largely based on experience with other non‐
HLs (NHLs). The wide range of reported detection rates (6%‐20%)
for BM involvement raises questions about applied methodologies

and possible sample collection bias.18,22,24,26,35–37 In addition, unlike

for other NHLs, there are insufficient data available on the sensitivity

and specificity of PET/CT for detecting BM involvement in

ENKTCL.38–40 For these reasons, recent guidelines recommending

routine BM examination for all patients with ENKTCL who have

undergone staging using PET/CT have been controversial.41,42

Therefore, we designed a large‐scale retrospective study to quantify
the diagnostic and prognostic value afforded by routine BM

examination in patients with newly diagnosed nasal‐type ENKTCL
who have undergone PET/CT staging.

PATIENTS AND METHODS

Study population

Patients newly diagnosed with nasal‐type ENKTCL at Fujian Medical
University Union Hospital from January 2013 to December 2020

were retrospectively reviewed to establish the primary cohort. Initial

staging evaluations included history taking and a physical examina-

tion; endoscopic examinations of the upper aerodigestive tract; CT

scans of the head and neck, chest, abdomen, and pelvis; magnetic

resonance imaging of the head and neck; and unilateral posterior iliac

crest BM examination. PET/CT was recommended for all patients.

Staging was performed using the Ann Arbor staging system. Patients

with the following characteristics were excluded from this study: (1)

those who had not undergone prior treatment or had disease relapse;

(2) those with other lymphomas or malignant diseases; and (3) those

who had not undergone BM examination.

The validation cohort was retrospectively recruited at the Sun

Yat‐Sen University Cancer Center between January 2013 and

December 2020. After the BM examination for ENKTCL, the results

obtained in the primary cohort were validated in an independent

cohort of patients who were not included in the primary cohort. The

prognostic value of BM status was validated in this validation cohort.

All aspects of this study were reviewed and approved by the in-

stitution's review boards, which waived the requirement for signed

informed consent because of the retrospective nature of the study.

BM examination and PET/CT scanning

All patients were diagnosed with ENKTCL according to criteria of the

World Health Organization classification of lymphomas.43 Routine

blind unilateral posterior iliac crest trephine biopsy and/or aspiration

was performed before treatment. The diagnosis of lymphoma was

based on standard morphology and immunohistochemistry locally by

dedicated hematopathologists. CD56, CD3ε, and Epstein‐Barr virus‐
encoded RNA were examined in specific cases of BM involvement.
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The baseline PET scans were visually evaluated. A positive BM ex-

amination result was defined as focal FDG uptake higher than that in

normal liver that could not be attributed to any other cause (e.g.,

bone fractures, elevated uptake caused by BM biopsy) at least one

site. Diffusely increased FDG uptake without focal lesions was

considered indicative of a negative BM examination result; other-

wise, it was considered positive.

Statistical methods

Continuous variables are summarized as median values and ranges,

and categorical variables are summarized as frequencies and per-

centages. Statistical comparisons of categorical variables were usu-

ally performed using the Pearson χ2 test. The Mann‐Whitney U test
and Pearson χ2 test were used to compare continuous and categor-
ical variables, respectively. The diagnostic performances of PET and

BM aspiration were assessed considering only BM biopsy as the gold

standard. The sensitivity, specificity, positive predictive value (PPV),

negative predictive value (NPV), and diagnostic accuracy of PET and

BM aspiration for detecting BM involvement were assessed consid-

ering BM biopsy results as reference standards. Clopper‐Pearson

exact confidence intervals were calculated for sensitivity, speci-

ficity, PPV, NPV, and accuracy.

Overall survival (OS) was defined as the time from the diagnosis

of ENKTCL until death from any cause or the date of the last follow‐
up when the patient was alive. Progression‐free survival (PFS) was
defined as the time from the diagnosis of ENKTCL until the first

instance of disease progression, relapse, or death from any cause. OS

and PFS were estimated using the Kaplan–Meier method, and dif-

ferences between survival curves were compared using the log‐rank
test. A two‐sided p value < .05 was considered significant. All sta-
tistical analyses were performed using SPSS, version 26.0 (IBM Inc),

and R, version 4.1.2 (http://www.r‐project.org/).

RESULTS

Baseline characteristics

The final analyses included 742 patients from two institutions

(Figure 1): the primary cohort (Fujian Medical University Union

Hospital, n = 186) and the validation cohort (Sun Yat‐Sen University
Cancer Center, n = 556). The baseline clinical characteristics and

F I GUR E 1 CONSORT diagram
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treatments are listed in Table 1. In the primary cohort, the median

age at diagnosis was 47 years (interquartile range, 35‐58 years); and
33 (18%) of the 186 patients were older than 60 years. More than

50% of patients had early‐stage disease (stage I‐II), and most patients
(74.7%) had undergone initial PET/CT scans. The validation cohort

included a higher proportion of patients with favorable parameters,

such as stage I or II disease (422 [75.9%]), good performance status

(847 [98.6%]), more lactate dehydrogenase normal (369 [66.4%]), and

less BM involvement (22 [4%]) compared with those in the primary

cohort (Table 1).

BM biopsy and aspiration findings

All patients in the primary cohort whose BM biopsy and aspira-

tion data were available were included in the evaluation of the

sensitivity, specificity, PPV, NPV, and accuracy of BM aspiration.

In all, 45 (24%) patients had BM involvement as established by

BM biopsy and aspiration (n = 30) or BM biopsy alone (n = 15).

When regarding BM biopsy results as the reference standards,

aspiration showed a sensitivity, specificity, PPV, and NPV of

66.7% (95% CI, 51.1‐80.0), 100% (95% CI, 97.4‐100), 100%, and
90.4% (95% CI, 86.1‐93.4), respectively (Table 2). In the validation
cohort, 556 patients whose BM biopsy and aspiration data were

available were included in the evaluation of the sensitivity,

specificity, PPV, NPV, and accuracy of BM aspiration. A total of

22 (4.0%) patients had BM involvement detected by biopsy and

aspiration (n = 9) or biopsy alone (n = 13). Aspiration showed a

sensitivity, specificity, PPV, and NPV of 40.9% (95% CI, 20.7‐
63.6), 100% (95% CI, 99.3‐100), 100%, and 97.6% (95% CI, 96.7‐
98.3), respectively (Table 2). The overall diagnostic accuracy (the

proportion of true‐positive and true‐negative results over the

total number) was 91.9% (95% CI, 87‐95.4) and 97.7% (95% CI,

96.0‐98.7) for BM aspiration in the primary and validation co-

horts, respectively.

Diagnostic performance of PET/CT for BM status

Figure 1 shows that 22 of the 30 patients (73.3%) showing positive

PET/CT results had positive BM biopsy findings, whereas five of the

109 patients (4.5%) with negative PET/CT results had positive BM

biopsy findings. When regarding BM biopsy as the reference stan-

dard, PET/CT showed a sensitivity, specificity, PPV, and NPV of

81.5% (95% CI, 61.9‐93.7), 92.9% (95% CI, 86.4‐96.6), 73.3% (95% CI,
57.9‐84.6), and 95.4% (95% CI, 90.4‐97.9), respectively. In the vali-
dation cohort, only 12 of the 30 patients (40.0%) with positive PET/

CT results had positive BM biopsy findings, whereas six of the 384

patients (1.6%) with negative PET/CT results had positive BM biopsy

findings. PET/CT showed a sensitivity, specificity, PPV, and NPV of

66.7% (95% CI, 41.0‐86.7), 92.9% (95% CI, 90.0‐95.2), 29.3% (95% CI,
20.4‐40.1), and 98.4% (95% CI, 97.0‐99.2), respectively (Table 2). The

TAB L E 1 Clinical characteristics of enrolled patients with

extranodal NK/T‐cell lymphoma, nasal‐type (n = 742)

Primary cohort Validation cohort

Characteristics No. (%) No. (%)

All 186 556

Sex

Male 140 (75.3) 391 (70.3)

Female 46 (24.7) 165 (29.7)

Age, y

≤60 153 (82.3) 472 (84.9)

>60 33 (17.7) 84 (15.1)

Primary site

UADT 143 (76.9) 489 (87.9)

Extra‐UADT 43 (23.1) 67 (12.1)

Regional lymph nodes

Yes 73 (39.2) 271 (48.7)

No 113 (60.8) 285 (51.3)

Distant lymph nodes

Yes 51 (27.4) 52 (9.4)

No 135 (72.6) 504 (90.6)

B symptoms

Yes 120 (64.5) 186 (33.5)

No 66 (35.5) 370 (66.5)

Elevated LDH

Yes 101 (54.3) 187 (33.6)

No 85 (45.7) 369 (66.4)

ECOG score

0‐1 140 (75.3) 548 (98.5)

≥2 46 (24.7) 8 (1.5)

Ann Arbor stage

I‐II 100 (53.8) 423 (76.1)

III‐IV 86 (46.2) 133 (23.9)

Bone marrow aspiration

Negative 156 (83.9) 547 (98.4)

Positive 30 (16.1) 9 (1.6)

Bone marrow biopsy

Negative 141 (75.8) 534 (96.0)

Positive 45 (24.2) 22 (4.0)

PET/CT

Yes 139 (74.7) 425 (76.4)

No 47 (25.3) 131 (23.6)

Abbreviations: CT, computed tomography; ECOG, Eastern Cooperative

Oncology Group; LDH, lactate dehydrogenase; PET, positron emission

tomography; UADT, upper aerodigestive tract.
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overall diagnostic accuracy for PET/CT was 90.6% (95% CI, 84.5‐
94.9) and 91.8% (95% CI, 88.7‐94.2) in the primary and validation
cohorts, respectively. None of the early‐stage patients staged with
PET/CT were upstaged to stage IV because of positive BM biopsy

findings.

Prognostic performance of BM biopsy and PET/CT in
advanced‐stage patients

To further evaluate the prognostic value of BM biopsy in advanced‐
stage (stage III‐IV) patients staged with PET/CT, we combined 61
patients from the primary cohort with 113 patients from the vali-

dation cohort. Among the 48 patients with positive BM biopsy find-

ings, 43 (89.6%) already showed evidence of advanced disease by

PET/CT alone. Overall, 21 patients were upstaged from stage III to

stage IV because of positive BM biopsy findings (12.2%, n = 5/38) or
BM involvement by PET/CT (42.1%, 16/38) without any other distant

organ involvement.

Furthermore, in the 135 patients with other distant organ

involvement by PET/CT, 61 (45.2%) already showed evidence of BM

involvement by PET/CT (n = 21) or BM biopsy findings (n = 40). The
2‐year OS was 35.9% (95% CI, 24.1‐53.6) for those with BM‐positive
results (n = 61) and 60.4% (95% CI, 48.7‐74.8) for those with BM‐
negative results (n = 74, p < .001). The 2‐year PFS was 26% (95%
CI, 15.9‐42.4) and 40.7% (95% CI, 30.0‐55.2), respectively (p = .003)
(Figure 2A,B). The 2‐year OS was 25.7% (95% CI, 12.2‐54) for BM
biopsy‐positive results (n = 40) and 50% (95% CI, 31.1‐80.4) for
those with BM PET–positive results (n = 21, p = .250). The 2‐year
PFS was 15.5% (95% CI, 6.4‐37.4) and 45.2% (95% CI, 26.9‐75.8),
respectively (p = .110) (Figure 2C,D).

DISCUSSION

To our knowledge, this is the largest study to examine the value of

the BM examination in PET/CT‐staged patients with an initial diag-
nosis of ENKTCL. Our results show that BM biopsy had greater ac-

curacy than BM aspiration for identifying BM involvement. In

addition, no patient showed early‐stage disease on PET/CT but
positive BM biopsy findings. In patients already considered to have

stage III‐IV disease by PET/CT, BM biopsy appears to be necessary

because 12.2% of the patients were upstaged to stage IV disease and

BM involvement by PET or BM biopsy was identified as a prognostic

factor in this study.

For many decades, BM aspiration and biopsy have been the gold

standard tests to detect bone marrow involvement for lymphomas,

which may upstage some patients from early stage to advanced

stage.27,28 However, BM aspiration may examine only a small volume

of the liquid BM andmay easily miss a patchy lymphoma infiltration. In

our study, all cases showing BM involvement by aspiration can be

confirmed by biopsy. On the other hand, aspirationmissed 33% to 60%

of the cases showing BM involvement in the present study. However,

BM biopsy is recognized to have several limitations, including the

likelihood of missing a patchy pattern of BM involvement, which is

supported by the fact that the bilateral BM biopsy found more BM

involvement.28 In addition, BM biopsy was associated with the risk of

complications such as pain, anxiety, infection, and bleeding.44,45

PET/CT for detection of BM disease has recently been evaluated

in several studies in both HL and NHL.32–34,46–48 The 2014 Lugano

classification proposes omitting routine BM biopsy in patients with HL

based on data from the Danish Lymphoma Registry study.30 However,

insufficient data are available for the sensitivity and specificity of PET/

CT for detection of BM involvement in ENKTCL; therefore, routine BM

TAB L E 2 Sensitivity, specificity, PPV, NPV, and accuracy of BM aspiration and PET/CT for detection of BM involvement

BM involvement by aspirationa BM involvement by PET/CTa

Absolute No. % (95% CI) Absolute No. % (95% CI)

Primary cohort

Sensitivity 30/45 66.7 (51.1‐80.0) 22/27 81.5 (61.9‐93.7)

Specificity 141/(141 + 0) 100 (97.4‐100) 104/(104 + 8) 92.9 (86.4‐96.6)

PPV 30/(30 + 0) 100 22/(22 + 8) 73.3 (57.9‐84.6)

NPV 141/(141 + 15) 90.4 (86.1‐93.4) 104/(104 + 5) 95.4 (90.4‐97.9)

Accuracy (30 + 141)/186 91.9 (87.0‐95.4) (22 + 104)/139 90.6 (84.5‐94.9)

Validation cohort

Sensitivity 9/22 40.9 (20.7‐63.6) 12/18 66.7 (41.0‐86.7)

Specificity 534/(534 + 0) 100 (99.3‐100) 378/(378 + 29) 92.9 (90.0‐95.2)

PPV 9/(9 + 0) 100 12/(12 + 29) 29.3 (20.4‐40.1)

NPV 534/(534 + 13) 97.6 (96.7‐98.3) 378/(378 + 6) 98.4 (97.0‐99.2)

Accuracy (9 + 534)/556 97.7 (96.0‐98.7) (12 + 378)/425 91.8 (88.7‐94.2)

Abbreviations: BM, bone marrow; NPV, negative predictive value; PET/CT, positron emission tomography/computed tomography; PPV, positive

predictive value.
aBM biopsy is considered the gold standard in this analysis.

YANG ET AL. - 3947



biopsy remains endorsed by European Society for Medical Oncology

and National Comprehensive Cancer Network guidelines.41,42 Three

previous studies investigating the utility of PET/CT for BM status in

ENKTCL reported sensitivities of 57% to 100%.38–40 This variation in

sensitivities between these studies may be explained by the propor-

tion of advanced‐stage disease and the number of patients with pos-
itive BM biopsy findings. These ENKTCL studies included less than 10

patients with positive BM biopsy findings,39,40 whereas the present

study included 67 patients with positive BM disease. Consistent with

previous studies on HL and ENKTCL, we demonstrated that no

ENKTCL patients with positive BM biopsy findings were assessed as

having early‐stage disease by PET/CT (NPV, 100%).32,34,39,40 The high
NPV of 100% makes PET/CT a reliable tool for identifying early‐stage
patients in whom a BM biopsy is not likely to add any diagnostic value

and does not influence assignment to therapy.

In theory, BM biopsy upstages some patients from stage III to

stage IV, which can add prognostic value and change the potential

management. In our study, BM biopsy upstaged 5 (12.2%) patients

with stage III who had negative PET/CT findings for BM involvement.

Similar results were reported in other studies for stage III HL and

NHL.34,46,48 Nevertheless, more than 80% of patients with positive

BM biopsy findings already had evidence of advanced disease for

ENKTCL, DLBCL, and HL,34,46 and any attempts to confirm the

prognostic value of BM status will be extremely challenging. In our

cohort, the prognostic value of BM status was separately evaluated in

different cases of stage IV disease. For patients with other distant

organ involvement, BM involvement detected by PET/CT or biopsy

resulted in worse OS and PFS. However, there was no difference in

the OS and PFS rates between PET/CT and biopsy groups. Consid-

ering the lower sensitivity and survival differences between BM‐
positive and BM‐negative cases, it would appear reasonable to
routinely use BM biopsy for patients who had already been assigned

stage IV by PET/CT.

The limitations of the present analysis include the following.

First, the present analysis is retrospective in nature and PET/CT

imaging was not mandatory and without a central review. Even

though we aimed to include all patients with ENKTCL during the

study period, a small proportion of patients may not have undergone

both PET/CT and BM examinations at diagnosis. However, this study

used data generated in routine clinical settings, which reflect the type

of daily clinical practice. Second, directed biopsies of FDG‐avid focal
BM lesions were not obtained. Although routine BM biopsy can

F I GUR E 2 OS and PFS stratified by BM status and detection methods. (A) OS and (B) PFS for BM involvement vs. no BM involvement in
patients with other distant organ involvement. (C) OS and (D) PFS of BM PET/CT‐positive vs. biopsy‐positive status in patients with other
distant organ involvement. BM indicates bone marrow; CT, computed tomography; OS, overall survival; PET, positron emission tomography;
PFS, progression‐free survival
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erroneously miss BM involvement in patients with FDG‐avid patchy
lesions outside the biopsy area, PET‐guided biopsies are not feasible
from each site of focal FDG uptake. The evaluation of directed bi-

opsies of FDG‐avid focal BM lesions versus routine BM biopsy may

be explored in a future study. Third, although 742 patients with

ENKTCL were pooled from two independent institutions, more work

is required to externally validate the diagnostic and prognostic value

of BM examination using independent data from nonendemic areas.

In conclusion, BM biopsy appears to identify BM lesions with a

higher sensitivity than BM aspiration. Diagnostically, BM examina-

tion did not lead to important changes in the distribution of stage for

early‐stage patients undergoing upfront PET/CT staging. It is

reasonable to reserve BM biopsy as the routine test for advanced‐
stage patients because of changes in the prognosis for these patients.
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