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ABSTRACT

Background: The authors previously demonstrated that in peripheral blood (PB) of

chronic myeloid leukemia (CML), patients’ leukemia stem cells (LSCs) CD26þ are

detectable by flow cytometry at diagnosis, during tyrosine kinase inhibitor (TKI)

therapy, and during treatment‐free remission.

Methods: This study presents results of a prospective multicenter study including

242 newly diagnosed CML patients monitored for PB CD26þ leukemic stem cells

(LSCs) quantification from diagnosis up to 24 months of TKI treatment.

Results: The bulk of CD26þ LSCs at diagnosis varied between patients with a

median value of 7.14 cells/µL. During TKI treatment, it has been observed their

consistent and rapid reduction without statistical differences according to type of

first‐line TKI. Instead, a significant correlation between a low amount of CD26þ

LSCs at diagnosis and an optimal molecular response at 3, 12, and 24 months was

documented (p = .03, p = .004, and p = .009, respectively). Three tertiles of CD26þ

LSCs correlating to molecular response were identified: <3.21 cells/µL; between

3.21 and 19.21 cells/µL; and >19.21 cells/µL. The incidence of patients with optimal
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response was higher in the first CD26þ LSCs tertile respect to the third one (p =

.027, p = .015, and p = .079, respectively) at all time points (3, 12 and 24 months).

Conclusions: This study demonstrated a correlation between the amount of CD26þ

LSCs at diagnosis and the molecular response, suggesting that the number of

CD26þ LSCs at diagnosis could represent an additional tool for predicting TKI

response.

K E YWORD S

CD26, chronic myeloid leukemia, flow cytometry, leukemia stem cells, tyrosine kinase
inhibitors

INTRODUCTION

Chronic myeloid leukemia (CML) represents one of the most suc-

cessfully treated hematological diseases. The benefits of tyrosine

kinase inhibitors (TKIs) offer the possibility, for CML patients

achieving a stable deep molecular remission (DMR), to attempt a

discontinuation of therapy, yet maintaining a condition of treatment‐
free remission (TFR).1–3 However, the persistence of leukemic stem

cells (LSCs), intrinsically resistant to TKIs and potentially “invisible”

to standard quantitative reverse transcription polymerase chain re-

action (qRT‐PCR) BCR::ABL1 analysis, appears to prevent this state,

causing a disease relapse.4–6 Survival of CML LSCs may be the

consequence of activation of several BCR::ABL1 independent path-

ways.7 One mechanism of TKI resistance was suggested by showing

in vitro that in low‐oxygen CML stem cell potential is maintained, and

LSCs are capable of regenerating BCR::ABL1‐expressing/‐dependent
progeny, although BCR::ABL1 protein is suppressed.7 Therefore, TKI‐
resistant CML LSCs seem to be likely BCR::ABL1 transcript‐positive
but unable to synthesize the active protein. As such, qRT‐PCR, the
most sensitive assay to monitor disease status in CML patients, could

be unsuitable to quantify residual quiescent CML LSCs that are

transcriptionally silent. In the last decade, several studies investi-

gated CML LSCs in bone marrow and peripheral blood (PB) samples,

exploring their specific features and how they are involved in CML

progression and in TKIs resistance.8–11 CML LSCs have been

demonstrated to reside within the CD34þ/CD38−/Lin− fraction and

to have an aberrant expression of cell surface molecules such as

CD93, CD25, IL1RAP, and CD26 (dipeptidyl peptidase‐IV [DPP4]).

The latter represents the most specific CML LSCs marker, discrimi-

nating these cells to the LSCs of other hematological diseases and

also to the normal hematopoietic stem cells (HSCs).8–12

Our research group first demonstrated by a standardized flow

cytometrymethod the presence of PBCD26þ LSCs in 100%of chronic

phase (CP) CML patients at diagnosis, and a cross‐sectional study

during TKIs treatment and TFR confirmed the persistence of circu-

lating CD26þ LSCs with quite variable values between CML pa-

tients.11,13 Additionally, in a recent multicenter prospective study, the

behavior of PB CD26þ LSCs has been monitored in 109 CML patients

suitable for TFR attempt, from the time of TKI discontinuation up to 12

months or until disease relapse, if any. Data showed that at the time of

TKI withdrawal, 56% of CML patients studied still harbored a low, yet

detectable amount of PB CD26þ LSCs independently to the previous

TKI treatment. We also observed that the persistence of PB CD26þ

LSCs did not correlate with the incidence of relapse, suggesting that

other factors, such as an immune surveillance, could play a role in CML

control at this stage of the disease. On the other hand, even patients

with undetectable CD26þ LSCs at time of discontinuation could fail

TFR.14 These results appeared controversial and induced us to further

explore the role of CD26þ LSCs in the development of CML.

Albeit detectable in all CP CML patients at diagnosis, the amount

of CD26þ LSCs is highly variable between patients. Thus, we

conceived a multicentric prospective study with the aim to investi-

gate LSCs behavior from diagnosis until 24 months of TKI treatment

correlating the bulk of CD26þ LSCs at diagnosis with clinical fea-

tures, molecular response, and disease progression.

MATERIALS AND METHODS

Patients cohort

After ethical committee approval, all consecutive patients diagnosed

with CP CML referring to 15 participating hematology units, were

enrolled in the study. After completing diagnostic assessment, pa-

tients started any first line‐approved TKIs (imatinib, nilotinib, or

dasatinib) according to physician decision. CML patients were locally

monitored for the entire study duration and subsequent follow‐up
per standard guidelines. Clinical and molecular data were recorded

on the patient's chart until collection and analysis. Before starting

TKI therapy, patients gave written informed consent to participate in

the study, in accordance with the Declaration of Helsinki.

Flow cytometry PB CD26þ LSCs detection and BCR::
ABL1 monitoring

Each enrolled CML patient was studied centrally in Siena for the

presence of PB CD26þ LSCs at time 0 (baseline), after 3, 12, and 24

months of treatment, according to a standardized flow cytometry

method developed in our laboratory. Six milliliters of PB were
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collected in EDTA and sent within 24 hours to the Siena hematology

laboratory. The cellular fraction CD34þ/CD38–/CD26þ was detec-

ted by using a multicolor flow cytometry instrument (BD FACSCanto

II) and a BD FACSDiva software (BD Biosciences) with a protocol

that implied adjustments of fluorescence‐activated cell sorting pa-

rameters, using the CS&T System (BD Biosciences), to keep constant

the instrument performance by correcting wear of lasers and fluidic

instability. The gating strategy is depicted in Figure S1. The median

absolute number of CD26þ cells/μL has been calculated as follows:

[No. WBCs/μL) � (% of CD34þ/CD38−/CD26þ on CD45þ cells)].

The quantitative evaluation of BCR::ABL1 transcript has been

performed at each established time point by each hematology center

according to European Leukemia Net (ELN) guidelines15 and to the

Italian molecular laboratory net for CML (Labnet CML).

Statistical analysis

Descriptive statistics were performed by summarizing qualitative

variables using absolute frequencies and percentages, while quanti-

tative variables were described using the median, interquartile range

(IQR), and minimum‐maximum range. Kruskal–Wallis test was per-

formed to evaluate the difference of CD26þ LSCs at diagnosis be-

tween Sokal, the European Treatment and Outcome Study (EUTOS),

and EUTOS‐long‐term survival (ELTS) scores. Post hoc analysis was

performed and multiple Mann‐Whitney tests with false discovery

rate correction were performed. Mann‐Whitney test was performed

to compare CD26þ LSCs at diagnosis with molecular response at 3

months (BCR::ABL1 <10%) and at 12 and 24 months (BCR::ABL1

<0.1%). To establish cut offs for CD26þ LSCs at diagnosis, tertiles

were estimated, and the associations with BCR::ABL1 <10% and

BCR::ABL1 <0.1% were evaluated by χ2 test. A p value <.05 was

considered statistically significant. All the analyses were performed

by R version 4.3.1.

RESULTS

Patients cohort clinical data

Between January 2018 and December 2022, 242 CP‐CML patients

at diagnosis were enrolled in this prospective noninterventional

study. A total of 143 patients (59%) were males and 99 (41%) were

females. At diagnosis, the median age in the whole cohort was 60

years (range, 18–90 years). Sokal score was high in 38 of 242 (16%)

patients, intermediate in 87 of 242 (36%), low in 106 of 242 (44%),

and not available in 11 of 242 (4%), whereas EUTOS score was high

in 20 of 242 patients (8.2%), low in 202 of 242 (83.6%), and unknown

in 20 of 242 (8.2%) patients. ELTS score was high in 32 of 242 (14%),

intermediate in 85 of 242 (35%), low in 114 of 242 (47%) patients,

and not available in 11 of 242 (4%), respectively.

The most frequent BCR::ABL1 transcript was b3a2 in 140 in 242

(58%) patients. Additional cytogenetic abnormalities were reported

in only 13 of 242 patients (5.3%). Overall, 132 (54%) patients started

treatment with imatinib, 72 (30%) with nilotinib, and 38 (16%) with

dasatinib. It should be noted that 95 of 242 (39%) patients received

cytoreductive therapy (hydroxyurea) before TKIs. Complete cytoge-

netic response was achieved at a median time of 4 months (range, 3–

13 months). After a median time of observation of 66 months, 84 of

242 (35%) patients switched TKI treatment: 36 of 84 (43%) patients

after failure or resistance and 48 of 84 (57%) patients due to intol-

erance. All clinical and hematological patients’ characteristics are

described in Table 1.

CD26þ LSCs and BCR::ABL1 transcript monitoring
from diagnosis and during TKI treatment

CD26þ leukemic stem cells (LSCs) were measured at diagnosis, as

well as at 3 and 12 months of TKI treatment in all 242 CML patients

(100%), and in 201 out of 242 patients (83%) at 24 months of TKI

therapy. The median of CD26þ LSCs detected at diagnosis in the

whole cohort of 242 CP‐CML patients was 7.14 cells/µL (range, 0.01–

698.74 cells/µL; interquartile range [IQR], 2.18–33.26 cells/µL)

without statistical differences according to TKI treatment: imatinib

cohort median value of 5.53 cells/µL (IQR, 1.79–20.14 cells/µL);

nilotinib cohort median value of 11.98 cells/µL (IQR, 2.44–61.24

cells/µL), and dasatinib cohort median value of 13.27 cells/µL (IQR,

3.06–44.57 cells/µL) (p = .05).

Regarding PB CD26þ LSCs behavior in the whole cohort during

TKI treatment, we observed a consistent and rapid reduction with

median values of 0.01 cells/µL (IQR, 0–0.03 cells/µL), 0.01 cells/µL

(IQR, 0–0.03 cells/µL), and 0.007 cells/µL (IQR, 0–0.02 cells/µL) at 3,

12, and 24 months, respectively. No statistically significant differ-

ences in terms of CD26þ LSCs log‐reduction were noted according

to the type of TKI treatment at any time points evaluated. Indeed, at

3 months we measured a median of 0.01 cells/µL (IQR, 0–0.04 cells/

µL) in the imatinib group, 0.01 cells/µL (IQR, 0–0.03 cells/µL) in the

nilotinib group, and 0.01 cells/µL (IQR, 0–0.03 cells/µL) in the dasa-

tinib group (p = .216). Similar values of CD26þ LSCs were detected

at 12 months and 24 months of treatment, with again, no differences

between TKIs (Table 1).

With respect to molecular response in the whole cohort, the

median value of BCR::ABL1 transcript was 0.88% (IQR, 0.15%–4.0%)

at 3 months, 0.02% (IQR, 0.006%–0.17%) at 12 months, and 0.008%

(IQR, 0.002%–0.03%) at 24 months of TKI treatment. The molecular

response according to time and type of TKI treatment is detailed in

Table 1.

CD26þ LSCs bulk at diagnosis and correlation with
clinical features and disease response

As clinical parameters, we chose to evaluate Sokal, EUTOS, and ELTS

scores. Interestingly, a significant correlation between the bulk of

CD26þ LSCs at diagnosis and Sokal score was documented (p = .018)
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TAB L E 1 Patient’s characteristics.

Whole cohort (n = 242) Imatinib (n = 132) Nilotinib (n = 72) Dasatinib (n = 38)

Median age at diagnosis, years (range) 60 (18–90) 68 (18–90) 48 (18–85) 50 (30–79)

Sex, No. (%)

Male 143 (59) 83 (63) 36 (50) 24 (63)

Female 99 (41) 49 (37) 36 (50) 14 (37)

Sokal score, No. (%)

High 38 (16) 21 (16) 9 (13) 8 (21)

Intermediate 87 (36) 58 (44) 16 (22) 13 (34)

Low 106 (44) 46 (35) 45 (62) 15 (40)

Unknown 11 (4) 7 (5) 2 (3) 2 (5)

EUTOS score, No. (%)

High 20 (8.2) 12 (12) 5 (7) 3 (7.9)

Low 202 (83.6) 109 (80) 62 (86) 31 (81.6)

Unknown 20 (8.2) 11 (8) 5 (7) 4 (10.5)

ELTS score, No. (%)

High 32 (14) 19 (14.5) 3 (4) 10 (26)

Intermediate 85 (35) 43 (32.5) 22 (31) 20 (53)

Low 114 (47) 63 (48) 45 (62) 6 (16)

Unknown 11 (4) 7 (5) 2 (3) 2 (5)

BCR::ABL1 transcript, No. (%)

b2a2 77 (32) 81 (61) 42 (58) 17 (45)

b3a2 140 (58) 40 (30) 22 (31) 15 (39)

b2a2/b3a2 11 (4) 4 (3) 5 (7) 2 (5)

Unknown 14 (6) 7 (6) 3 (4) 4 (11)

Additional cytogenetic abnormalities, No. (%) 13 (5.4) 5 (3.7) 3 (4) 5 (13)

Complete cytogenetic response (months) 4 (3–13) 4 (3–13) 4 (3–12) 4 (3–13)

Molecular response after starting therapy (BCR::ABL1%) (IQR)

3 months 0.88 (0.15–4) 1.66 (0.47–8.3) 0.19 (0.08–1.00) 0.46 (0.09–3.44)

12 months 0.02 (0.006–0.17) 0.04 (0.008–0.23) 0.01 (0.003–0.06) 0.03 (0.01–0.21)

24 months 0.008 (0.002–0.03) 0.009 (0.002–0.04) 0.005 (0–0.01) 0.01 (0.002–0.04)

Cytoreductive therapy before TKI, No. (%)

Yes 95 (39) 43 (32.5) 30 (42) 22 (58)

No 147 (61) 89 (67.5) 42 (58) 16 (42)

CD26þ LSCs/µL (IQR)

Diagnosis 7.14 (2.18–33.26) 5.53 (1.79–20.14) 1.98 (2.44–61.24) 13.27 (3.06–44.57)

3 months 0.01 (0–0.03) 0.01 (0–0.04) 0.01 (0–0.03) 0.01 (0–0.03)

12 months 0.01 (0–0.03) 0.01 (0–0.002) 0.01 (0–0.04) 0.01 (0–0.02)

24 months 0.007 (0–0.02) 0.01 (0.005–0.05) 0.02 (0.002–0.06) 0.02 (0–0.02)

Switch TKI, No. (%)

Yes 84 (35) 47 (36) 21 (29) 16 (42)

No 158 (65) 85 (64) 51 (71) 22 (58)
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with levels of CD26þ LSCs significantly higher in the high Sokal risk

group compared to the intermediate or low risk groups (22.65 cells/

µL vs. 5.60 cells/µL vs. 6.16 cells/µL) (Figure 1). Instead, no correla-

tion was found between the bulk of CD26þ LSCs and low or high

EUTOS score (p = .109) and high, intermediate, and low ELTS score

(p = .224).

Evaluating the amount of CD26þ LSCs at diagnosis in the whole

cohort of 242 patients and subsequent molecular response, we

observed that an optimal molecular response at 3, 12, and 24 months

(considering BCR::ABL1 transcript <10% at 3 months and BCR::ABL1

transcript <0.1% at 12 and 24 months) was always correlated to a

lower amount of CD26þ LSCs. Specifically, CML patients with an

optimal molecular response at 3 months showed a median CD26þ

LSCs at diagnosis of 6.21 cells/µL (IQR, 1.79–31.50 cells/µL) whereas

suboptimal responders patients (BCR::ABL1 transcript >10%) had a

median of 19.87 cells/µL at diagnosis (IQR, 5.37–39.81 cells/µL)

(p = .03) (Figure 2A); at 12 months, CML patients with BCR::ABL1

<0.1% showed a median amount of CD26þ LSCs of 5.50 cells/µL at

diagnosis (IQR, 1.81–22.64 cells/µL) whereas suboptimal responders

(BCR::ABL1 transcript >0.1%) had a median of 16.87 cells/µL (IQR,

2.82–71.77 cells/µL) (p = .004) (Figure 2B). At 24 months of TKI

treatment, CML patients with optimal molecular response had a

median CD26þ LSCs value at diagnosis of 6.05 cells/µL (IQR, 1.79–

29.90 cells/µL) compared with suboptimal responders, with BCR::

ABL1 transcript >0.1%, showing a median value of 20.52 cells/µL

(IQR, 4.24–106.91 cells/µL) (p = .009) (Figure 2C).

To further confirm that the correlation between the amount of

CD26þ LSCs with Sokal score and molecular response is “CD26þ

LSCs‐specific” and not just related to the broad CD34þCD38– stem

cell compartment, we performed a separate analysis of the

CD34þCD38– population excluding the CD34þCD38–CD26þ sub-

set. As expected, no statistically significant correlation was found

(experimental details in Table S1).

Even when considering CML patients according to the type of

TKI, comparing imatinib and 2G‐TKIs, (nilotinib þ dasatinib), we

observed a statistical correlation between a lower amount of

CD26þ LSCs at diagnosis and an optimal molecular response at

3, 12, and 24 months of treatment for imatinib group (p = .018,

p = .019, and p = .004, respectively) and at 3 and 12 months for

2G‐TKIs group (p = .030 and p = .050, respectively). No statistical

correlation between optimal molecular response and low amount of

CD26þ LSCs for 2G‐TKIs group was found after 24 months of

treatment (p = .553).

Moreover, looking at CML patients who failed molecular

response after first line TKI and thus switched treatment (36 of 242,

15%), we observed that these patients had a significantly higher

median CD26þ LSCs at diagnosis, accounting for 14.59 cells/µL (IQR,

3.76–46 cells/µL) compared with a median CD26þ LSCs value of 5.82

cells/µL (IQR, 2.35–26.70 cells/µL) in the no‐switch group (p = .034).

A total of 46 of 242 (19%) CML patients attempted a discon-

tinuation of TKI treatment with a median value of CD26þ LSCs at

diagnosis of 8.67 cells/µL. Of these, 20 of 46 (43.5%) patients lost

TFR, and 26 of 46 (56.5%) patients maintained TFR. Median values of

CD26þ LSCs at diagnosis were 9.10 cells/µL and 8.25 cells/µL,

respectively, without statistical differences.

CD26þ LSCs threshold at diagnosis predictive of
molecular response

To further analyze the relationship between the burden of CD26þ

LSCs at diagnosis and BCR::ABL1 transcript reduction after TKI

T A B L E 1 (Continued)

Whole cohort (n = 242) Imatinib (n = 132) Nilotinib (n = 72) Dasatinib (n = 38)

Reason for TKI switch, No. (%)

Resistance 36 (43) 24 (51) 6 (28.6) 6 (37.5)

Intolerance 48 (57) 23 (49) 15 (71.4) 10 (62.5)

Abbreviations: ELTS, EUTOS‐long‐term survival; EUTOS, European Treatment and Outcome Study; IQR, interquartile range; TKI, tyrosine kinase

inhibitor.

F I GUR E 1 CD26þ LSCs bulk at diagnosis and correlation with

Sokal score. A significant correlation between the bulk of CD26þ
LSCs at diagnosis and Sokal score was documented (p = .018).
CD26þ LSCs were significantly higher in the high Sokal risk group

compared to the intermediate or low‐risk groups (22.65 cells/µL vs.
5.60 cells/µL vs. 6.16 cells/µL). LSCs indicate leukemia stem cells.
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treatment to identify cutoffs of CD26þ LSCs suggestive/predictive of

molecular response, the absolute number of CD26þ LSC at diagnosis

was divided in tertiles. Three ranges of CD26þ LSCs were obtained:

<3.21 cells/µL (1° tertile); between 3.21 and 19.21 cells/µL (2° ter-

tile); and >19.21 cells/µL (3° tertile). We observed an association

between CD26þ LSCs tertile and the rate of optimal molecular

response at a given time point. In particular, considering the molec-

ular response at 3 months, the incidence of CML patients with BCR::

ABL1 <10% was 93.5% in the first CD26þ LSCs tertile, whereas it

was 78.8% in the third tertile (p = .027). At 12 months, the incidence

of optimal response in the first tertile was 78.5% and 62.8% in the

third tertile (p = .015). At 24 months, the two incidences were 90.8%

and 77.9%, respectively (p = .079). The second tertile has an inter-

mediate incidence of optimal response (Table S2). A similar analysis,

considering CD26þ LSC tertiles at diagnosis according to the type of

TKI treatment, was not performed due to the different sample size

between treatment groups.

DISCUSSION

Following several findings that PB CD26þ LSCs are present at diag-

nosis in all CPCML patients and persist in a significant number of them

during TKI treatment and TFR, this study prospectively unravels the

fate of this peculiar CML cellular marker and provides the first evi-

dence of its predictive value for disease response. First, we confirmed

that in all 242 patients PB CD26þ LSCs were measurable at diagnosis

albeit with a great value variability between patients ranging from0.01

to 698 cells/µL (median, 7.14 cells/µL). However, we showed that PB

CD26þ LSCs rapidly and deeply reduce during TKI treatment

remaining detectable with fluctuating similar values from then on. No

differences in terms of degree of reduction of PB CD26þ LSCs were

foundwhen comparing imatinib, nilotinib, and dasatinib TKI treatment

cohorts. As previously observed,11 even in this prospective study, we

confirmedno statistical correlation between the number of residual PB

CD26þ LSCs and the copies of BCR::ABL1 transcript at any time of

treatment. Although they may well represent a disease reservoir, the

slope of reduction and the residual number of PB CD26þ LSCs appear

not suitable formonitoring a sort of “stem cell response” and cannot be

considered a surrogate of molecular response.

Yet, the variable bulk of this specific stem cell compartment

found at diagnosis could still somehow influence disease biology and

response to treatment.

Thus, we first examined the correlation between the absolute

number of PB CD26þ LSCs at diagnosis and the Sokal score. As

documented by Figure 1, CD26þ LSCs were significantly higher in

the high Sokal risk group, suggesting a possible negative prognostic

role of CD26þ LSCs. On the contrary, no statistical correlation be-

tween CD26þ LSCs at diagnosis and EUTOS and ELTS scores were

found, the latter as a possible consequence of different prognostic

goals, different types of parameters chosen, and different weight

given to the same parameters by these three prognostic scores.

To further investigate if the different amount of CD26þ LSCs at

diagnosis can be predictive of short‐ and long‐term response, their

absolute number has been correlated with the degree of molecular

response obtained at 3, 12, and 24 months of TKI treatment ac-

cording to ELN guidelines.

Interestingly, a statistically significant correlation between a low

amount of CD26þ LSCs at diagnosis and an optimal molecular

response was documented at any time point; in contrast a significantly

higher median CD26þ LSCs at diagnosis was observed in those pa-

tients who had to switch TKI due to treatment failure. Based on these

F I GUR E 2 CD26þ LSCs bulk at diagnosis and correlation with molecular response. A lower amount of CD26þ LSCs at diagnosis was
correlated with an optimal molecular response at 3, 12, and 24 months of TKI treatment. (A) CML patients with an optimal molecular response

at 3 months (BCR::ABL1<10%) showed a median CD26þ LSCs at diagnosis of 6.21 cells/µL (IQR, 1.79–1.50 cells/µL) whereas suboptimal
responders patients had 19.87 cells/µL at diagnosis (IQR, 5.37–39.81 cells/µL) (p = .03). (B) At 12 months, CML patients with BCR::ABL1
<0.1% showed a median amount of CD26þ LSCs of 5.50 cells/µL at diagnosis (IQR, 1.81–22.64 cells/µL) whereas suboptimal responders had a

median of 16.87 cells/µL (IQR, 2.82–71.77 cells/µL) (p = .004). (C) At 24 months, CML patients with optimal molecular response had a median
CD26þ LSCs value at diagnosis of 6.05 cells/µL (IQR, 1.79–29.90 cells/µL) compared to suboptimal responders showing a median value of
20.52 cells/µL (IQR, 4.24–106.91 cells/µL) (p = .009). CML indicates chronic myeloid leukemia; IQR, interquartile range; LSCs, leukemia stem

cells; TKI, tyrosine kinase inhibitor.
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results, we tried to identify a specific threshold of CD26þ LSCs at

diagnosis that was able to discriminate between CML patients

achieving anoptimal or suboptimal response after 3, 12, and24months

of therapy. Statistical analysis on our cohort provided three cutoff

values (tertiles): below 3.21 cells/µL, between 3.21 and 19.21 cells/µL,

and above 19.21 cells/µL. The lowest and highest tertiles of CD26þ

LSC significantly differentiate CML patients achieving or not an

optimal molecular response at 3 and 12 months, respectively. At 24

months, the incidence of optimal response is still directly or inversely

correlated to the first and third CD26þ LSCs tertile, yet without sta-

tistical significance, it is probably due to a reduced number of patients

achieving this time point. BecauseCD26þ LSCs belongs to the broader

CD34þCD38– stem cell compartment, one would inquire if it is the

bulk of these general stem cells found at diagnosis, and not the specific

CD26þ LSCs subset that influences the signature of CML and the

response to treatment. To clarify this issue, we performed a separate

analysis of the CD34þCD38–population excluding the CD34þCD38–

CD26þ subset and no correlation with SOKAL score and molecular

response was found, thus further confirming that is the amount of

CD26þ LSCs that counts.

This multicenter prospective study, including a not negligible

number of CML patients, links, for the first time, the “bulk” of circu-

lating CML‐specific LSCs at the diagnosis with the subsequent

attainment of molecular response. Even if we identified CD26þ LSCs

tertiles values correlating with the probability of achieving an optimal

response at any of the main treatment check points considered in the

routinely management of CML, we are aware that one limitation of

our study, due to the great variability of PB CD26þ LSCs number

found at diagnosis, is the lack of a single predictive‐of‐response
CD26þ LSCs threshold value that could be more easily included in a

clinical strategy of CML management. The evidence of a prognostic

role of the burden of CD26þ LSCs at diagnosis could appear in conflict

with the rapid and deep reduction of PB LSCs documented in all CML

patients and with any first line TKI treatment. Yet, it has to be

considered that most CML patients harbor residual PB CD26þ LSCs

even when BCR::ABL1 transcript is undetectable and/or during TFR,

thus arguing that other factors besides their absolute number may

influence TKI response and ultimately disease course. In this regard,

preliminary data suggest that the phenotype at diagnosis of CD26þ

LSCs may be different between CML patients, particularly when

considering quiescence properties (i.e., ability to survive in the low‐
oxygen hematopoietic environment) and the level of expression of

surface molecules interacting with the immune system such as PDL‐1
and CD47 (unpublished personal data). These biological differences in

CD26þ LSCs compartment could partly explain why the persistence

of residual staminal disease does not impair the attainment of a DMR

and a stable TFR. Similarly, a peculiar CD26þ LSCs phenotype

together with their absolute number at diagnosis could influence the

degree of molecular response to TKI. Hopefully, both additional and

deeper knowledge on the inner biologic feature of CD26þ LSCs, as

well as a longer follow‐up, would help to strengthen the clinical role of

these cells (i.e., bulk value at diagnosis and TFR rate?).

Although the exact significance of the presence and persistence of

these unique cells in the natural history of CML is not yet fully

understood, our data demonstrate a correlation between the amount

of PB CD26þ LSCs at diagnosis and the molecular response. Given

these results, flow cytometry measurement of the absolute number of

PB CD26þ LSCs represents not only an easy and rapid diagnostic tool,

it could also furnish additional information for predicting TKI response.
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