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Purpose

Diabetes mellitus (DM) is associated with elevated cancer risk and poor survival outcome
in malignancies. The objective of this study was to evaluate the prognostic value of pre-
existing DM in chronic lymphocytic leukemia (CLL).

Materials and Methods

Six hundred and thirty-three subjects with newly-diagnosed CLL between 2007 and 2016
were recruited. Propensity score-matched method was performed to balance baseline char-
acteristics and eliminate possible bias. Univariate and multivariate Cox regression analyses
screened the independent risk indicators for time-to-first-treatment (TTFT) and cancer-spe-
cific survival (CSS) of CLL. Receiver operator characteristic curves and the corresponding
areas under the curve assessed the predictive accuracy of CLL-International Prognostic
Index (IPI) together with DM.

Results

The results showed that 111 patients had pre-existing DM. In the propensity-matched
cohort, DM was correlated with inferior TTFT and CSS in CLL patients, and it was an inde-
pendent prognostic factor for both CSS and TTFT. Pre-diabetics also shared undesirable
prognostic outcome compared with patients with no diabetic tendency, and a positive
association between longer diabetic duration and poorer prognosis of CLL was identified.
DM as one additional point to CLL-IPI had larger area under the curve compared with CLL-
IPl alone in CSS prediction and could improve the prognostic capacity of CLL-IPI.

Conclusion
Pre-existing DM was found to be a valuable prognostic predictor and could help predict life
expectancy and build refined prognostication models for CLL.
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Introduction

Diabetes and malignancy are multifactorial heterogeneous
diseases, and both have witnessed a rapid increase in preva-
lence owing to environmental and lifestyle changes. In the
recent decade, accumulating evidence suggested that dia-
betes mellitus (DM) was associated with elevated cancer
risks in liver, pancreatic, colorectal and breast via possible
mechanisms of hyperglycemia, hyperinsulinemia, and chro-
nic inflammation. Regarding lymphoproliferative diseases,
three meta-analyses reported the risk ratio of developing
non-Hodgkin lymphoma (NHL) in diabetic patients was 1.19
(95% confidence interval [CI], 1.04 to 1.35) [1], 1.22 (95% CI,
1.07 to 1.39) [2], and 1.79 (95% CI, 1.30 to 2.47) [3], respec-
tively. Epidemiological studies have shown a significant cor-
relation in incidence between acute lymphoblastic leukemia
(ALL) and type 1 diabetes mellitus (TIDM) at both interna-
tional and regional levels. Standardized incidence ratios
were significantly increased for both ALL (5.70; 95% CI, 3.68
to 8.43) and acute myeloid leukemia (AML) (2.57; 95% CI,
1.02 to 5.32) following hospitalization for TIDM [4].

Chronic lymphocytic leukemia (CLL), the most common
hematological malignancy in the west, is extremely hetero-
geneous in clinical manifestations and evolutions. Chemoim-
munotherapy of fludarabine, cyclophosphamide, and ritu-
ximab (FCR) has been considered as the first-line treatment
since 2010, which improved overall survival (OS) compared
with fludarabine plus cyclophosphamide (FC). However,
only 40%-60% of patients achieved complete remission,
while the rest experienced either relapse or hematologic tox-
icity. Clinical and biological prognostic factors such as
advanced Binet stage, unmutated status of the immunoglob-
ulin heavy chain variable region (IGHV), zeta-chain associ-
ated protein kinase 70 (ZAP-70) and CD38 expression were
shown in correlation with unfavorable survival outcome
[5-7]. There have also been studies indicating CD49d [8],
miRNA [9], and NOTCHI [10] as potential factors that might
alter CLL prognosis or treatment outcome. Besides these sin-
gle markers, various models and scores such as the Interna-
tional Prognostic Index for Chronic Lymphocytic Leukemia
(CLL-IPI) were introduced to predict prognosis in CLL, but
few of them were validated in prospective clinical trials. In
addition, most of the prognostic markers identified for CLL
are genetic-based alterations (such as IGHV, ZAP-70), to
which little can be done to either prevent the development
of CLL or alleviate its severity. On the other hand, if modifi-
able conditions, such as type 2 diabetes mellitus (T2DM) or
hypertension, can be proven as prognostic factors for CLL,
then it would be much more meaningful clinically, since
there are measures to prevent or treat these chronic condi-
tions. A case-control study in Canada found a higher preva-
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lence of dyslipidemia and hypertension preceding a diagno-
sis of CLL [11]. However, to our knowledge, no research to
date has found an association between CLL and DM.

The aims of our study are (1) to investigate the correlation
between pre-existing DM and CLL, and the prognostic value
of DM in CLL survival outcome; (2) to establish a novel prog-
nostic index including DM (DM-PI) for CLL.

Materials and Methods

1. Patients

Six hundred and eighty consecutive subjects with newly-
diagnosed CLL between January 2007 and December 2016
from the First Affiliated Hospital of Nanjing Medical Uni-
versity were retrospectively enrolled. Forty-seven patients
were excluded due to (1) incomplete clinical information, lab-
oratory examinations or follow-up data; (2) human immun-
odeficiency virus-infected; (3) diagnosed with previous
malignancies; (4) patients who died of accident or other med-
ical conditions with no relation to CLL. A diagnosis of CLL
was based on the criteria of the International Workshop on
CLL-National Cancer Institute IWCLL-NCI). The flow chart
of the study population is demonstrated in S1 Fig.

Among the eligible 633 cases, 452 (71.41%) received induc-
tion therapies, including fludarabine, cyclophosphamide,
and rituximab (n=178, 39.38%), fludarabine and cyclophos-
phamide (n=122, 26.99%), bendamustine (n=22, 4.87%), chlo-
rambucil and rituximab (n=62, 13.72%), and chlorambucil
(n=68, 15.04%).

As regards to the relative dose intensity of chemotherapies,
both diabetics and non-diabetics received standard treat-
ments without delay or dose reduction (including steroid)
due to hyperglycemia or other diabetic complications. The
dose of rituximab is 375 mg/m? in all rituximab-based che-
moimmunotherapies. In FC or FCR, the dose intensity is flu-
darabine 25 mg/m? intravenously and cyclophosphamide
250 mg/m? intravenously. For bendamustine, the specific
dose is 100 mg/m? intravenously on days 1 and 2 of a 28-day
treatment cycle, while for chlorambucil the dosing is oral 0.1
mg/kg/day for 3 to 6 weeks or intravenous 0.4 mg/kg
pulsed doses administered intermittently, biweekly, or mon-
thly. The numbers of patients according to diabetic status
distributed by treatment types are presented in Tables 1

and 2.
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Table 1. Clinical characteristics of CLL patients for evaluating TTFT with or without diabetes before and after propensity
matching?

Unmatched (complete) dataset Propensity score-matched (1:1) dataset”

Variable Total Diabetic Non-diabetic value Total Diabetic Non-diabetic value
(=73) (=334 T 0=73)  (@=73) T

Clinical variable

Sex
Male 254 56 (76.7) 198(59.3)  0.005 110 56 (76.7) 54 (74.0)  0.848
Female 153 17(233) 136 (40.7) 36 17(233)  19(26.0)

Age (yr)
<65 245 28 (38.4) 217 (65.0) <0.001 62 28 (38.4) 34 (46.6) 0.403
> 65 162 45(61.6) 117 (35.0) 84 45(61.6) 39 (53.4)

Binet stage
A 204 28(384) 176 (52.7)  0.028 60 28(384) 32(438)  0.614
B/C 203 45(61.6) 158 (47.3) 86 45(61.6) 41(56.2)

ECOG PS
0-1 351 57 (78.1) 294 (88.0) 0.037 116 57 (78.1) 59 (80.8) 0.838
>1 56 16(21.9) 40 (12.0) 30 16(21.9)  14(19.2)

Richter transformation
Presence 10 5(6.8) 5(1.5) 0.020 10 5(6.8) 5(6.8) 1.000
Absence 397 68(93.2) 329 (98.5) 136 68(93.2)  68(93.2)

CLL-IPI
0-3 266 29(39.7) 237(71.0) <0.001 63 29 (39.7) 34 (46.6) 0.504
410 141 44(603) 97 (29.0) 83 44(603) 39 (53.4)

ALC (x10°/L)
<50 325 54 (740) 271(81.1)  0.197 112 54 (740) 58(79.5)  0.557
>50 82 19(26.0) 63 (18.9) 34 19(26.0)  15(20.5)

Hb (g/L)
<100 54 21 (28.8) 33(9.9) < 0.001 36 21 (28.8) 15 (20.5) 0.337
>100 353 52(71.2) 301 (90.1) 110 5 (712) 58 (79.5)

PLT (x10°/L)
<100 65 25 (34.3) 40(12.0) <0.001 44 25 (34.3) 19 (26.0) 0.367
>100 342 48 (65.7) 294 (88.0) 102 48 (65.7) 54 (74.0)

LDH (271 U/L)
<ULN 333 55(75.3) 278(83.2) 0.131 107 55 (75.3) 52 (71.2) 0.709
>ULN 74 18(247)  56(16.8) 39 18(247)  21(28.8)

Albumin (3.5 g/dL)
<LLN 132 28(384) 104(31.1) 0270 56 28(384) 28(384)  1.000
>LLN 275 45 (61.6) 230 (68.9) 90 45 (61.6) 45 (61.6)

B-MG (g/L)
<3.50 244 30 (41.1) 214 (64.1) <0.001 61 30 (41.1) 31 (42.5) 1.000
>3.50 163 43(58.9) 120 (35.9) 85 43(589) 42 (57.5)

CRP (1 mg/dL)
<ULN 331 56(767) 275(823) 0319 114 56(767) 58(79.5)  0.842
> ULN 76 17 (23.3) 59 (17.7) 32 17 (23.3) 15 (20.5)

Treatments
Intensive treatments? 155 40 (548) 115(344)  0.174 73 40 (54.8) 33(452) 0377
Less intensive treatments? 71 12 (16.4) 59 (17.7) 27 12 (16.4)  15(20.6)

(Continued to the next page)
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Table 1. Continued

Unmatched (complete) dataset

Diabetic Non-diabetic
(n=334)

Variable
1
Tota (n=73)

Biological variable

Propensity score-matched (1:1) dataset”

Diabetic Non-diabetic

p-value Total (n=73) (n=73)

p-value

TP53 disruption
Presence 65 22(30.1)  43(12.9) 0.001 3 22(30.1)  17(23.3) 0.455
Absence 342 51(69.9) 291(87.1) 107 51(69.9) 56 (76.7)

ATM deletion
Presence 47 10(13.7)  37(11.1) 0.545 17 10 (13.7) 7(9.6) 0.607
Absence 360 63 (86.3) 297 (88.9) 129 63(86.3)  66(90.4)

IGHV
Unmutated 137 33(45.2) 104 (31.1) 0.028 65 33(452) 32(43.8) 1.000
Mutated 270 40 (54.8) 230 (68.9) 81 40 (54.8)  41(56.2)

CD38 (%)
<30 320 56 (76.7) 264 (79.0) 0.639 115 56 (76.7) 59 (80.8) 0.686
=30 87 17(23.3)  70(21.0) 31 17 (23.3)  14(19.2)

ZAP-70 (%)
<20 241 41 (56.2) 200 (59.9) 0.600 86 41 (56.2)  45(61.6) 0.614
>20 166 32(43.8) 134 (40.1) 60 32(43.8)  28(38.4)

Values are presented as number (%). CLL, chronic lymphocytic leukemia; TTFT, time-to-first-treatment; ECOG, Eastern
Cooperative Oncology Group; PS, performance status; IPI, international prognostic index; ALC, absolute lymphocytic count;
Hb, hemoglobin; PLT, platelet; LDH, lactate dehydrogenase; ULN, upper limit of normal; LLN, lower limit of normal;
B2-MG, B.-microglobulin; CRP, C-reactive protein; IGHV, immu-noglobulin heavy chain variable region; ZAP-70, zeta-chain
associated protein kinase 70. ¥The tests used in Table 1 were the chi-square test or the Fisher exact test, YPropensity score-
matched (1:1) analyses were performed with a small caliper of 0.1 for matching potential cofounders including sex, age,
Binet stage, ECOG PS, Hb, PLT, LDH and B.-MG levels, TP53 disruption, ATM deletion, IGHV mutational status, CD38 and
ZAP-70 expressions, “Intensive treatments referred to fludarabine, cyclophosphamidezrituximab or bendamustine, ¥Less

intensive treatments referred to chlorambuciltrituximab.

2. Data collection

All CLL patients were managed and treated in the inpa-
tient department, while the follow-up examinations were
conducted in the outpatient department. Baseline demo-
graphic and clinical data concerning gender, age, Binet stage,
Eastern Cooperative Oncology Group (ECOG) performance
status (PS) and CLL-IPI were retrieved from medical records
and hospital registries. Laboratory data within 24 hours after
first CLL admission, including absolute lymphocytic count,
hemoglobin (Hb), platelet count (PLT), lactate dehydroge-
nase (LDH), serum albumin, p.-microglobulin (B-MG), and
C-reactive protein levels, were obtained from the hospital-
based laboratory service.

Fluorescence in situ hybridization analysis was performed
to detect del(11q22) and del(17p13) using commercially avail-
able probes as described elsewhere [12]. The cutoff levels for
positive values (mean of normal control +3 standard devia-
tion), determined from samples of cytogenetically normal

192 CANCER RESEARCH AND TREATMENT

persons, were 7.7% and 5.2% for del(11q22) and del(17p13)
respectively. Sanger sequencing of TP53 (exons 4-9) was con-
ducted as previously reported [13]. We referred the cohort
with TP53 mutation and/or del(17p13) as TP53 disruption.
Sequence analysis of IGHV was performed as previously
described and germline IGHV was defined as = 98% germline
homology [14]. Immunophenotyping of CD38 and ZAP-70
were detected via flow cytometry [15], and the cutoff levels
for positivity were 30% and 20%, respectively.

3. Definition of pre-existing DM

Pre-existing DM was defined as patients having any one
of the following characteristics at diagnosis of CLL: diagnosis
of DM from medical records of previous outpatient visit or
hospitalization (based on the International Statistical Classi-
fication of Diseases and Related Health Problems, 10th revi-
sion [ICD-10] code E10, E11, and E14 or antidiabetic pres-
criptions); fasting plasma glucose level (FPG) = 7.0 mmol/L
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Table 2. Clinical characteristics of CLL patients for evaluating CSS with or without diabetes before and after propensity
matching?

Unmatched (complete) dataset Propensity score-matched (1:1) dataset”

Variable Total Diabetic Non-diabetic alue Total Diabetic Non-diabetic alue
=111 (=522 P~ @=111) (@=111 P

Clinical variable

Sex
Male 409 82(73.9) 327(62.6)  0.029 156 82(73.9) 74(667)  0.304
Female 24 29(26.1) 195 (37.4) 66 29(261) 37 (333)

Age (yr)
<65 394 57 (51.4) 337 (64.6) 0.013 120 57 (51.4) 63 (56.8) 0.501
> 65 239 54 (48.6) 185 (35.4) 102 54 (48.6) 48 (43.2)

Binet stage
A 232 33(297) 199(381)  0.104 65 33(29.7)  32(288)  1.000
B/C 401 78 (70.3) 323 (61.9) 157 78 (703) 79 (71.2)

ECOG PS
0-1 529 85 (76.6) 444 (85.1) 0.034 176 85 (76.6) 91 (82.0) 0.408
>1 104 26(23.4)  78(14.9) 46 26(23.4) 20 (18.0)

Richter transformation
Presence 29 9(81)  20(3.8) 0.075 13 9(8.1) 4(3.6) 0.252
Absence 604 102 (91.9) 502 (96.2) 209 102 (91.9) 107 (96.4)

CLL-IPI
0-3 361 42 (37.8) 319(61.1) <0.001 90 42 (37.8) 48 (43.2) 0.494
4-10 272 69 (622) 203 (38.9) 132 69(62.2) 63 (56.8)

ALC (x10°/L)
<50 485 83 (74.8) 402(77.0)  0.622 159 83 (748) 76(685) 0372
>50 148 28(25.2) 120 (23.0) 63 28(252)  35(31.5)

Hb (g/L)
<100 138 41 (36.9) 97 (18.6) < 0.001 73 41 (36.9) 32 (28.8) 0.253
>100 495 70 (63.1) 425 (81.4) 149 70 (631) 79 (71.2)

PLT (x10°/L)
<100 183 50(45.1) 133(255) <0.001 88 50 (45.1) 38(342)  0.131
>100 450 61(549) 389 (74.5) 134 61(54.9) 73 (658)

LDH (271 U/L)
<ULN 487 74 (66.7) 413 (79.1) 0.006 153 74 (66.7) 79 (71.2) 0.562
>ULN 146 37(33.3) 109 (20.9) 69 37(333) 32(28.8)

Albumin (3.5 g/dL)
<LLN 243 51(459) 192(36.8)  0.085 9% 51(459) 45(40.5)  0.498
>LLN 390 60 (54.1) 330 (63.2) 126 60 (54.1) 66 (59.5)

B-MG (mg/L)
<3.50 345 48 (43.2) 297 (56.9) 0.012 100 48 (43.2) 52 (46.8) 0.686
>3.50 288 63 (56.8) 225 (43.1) 122 63(56.8) 59 (53.2)

CRP (1 mg/dL)
<ULN 497 83 (74.8) 414 (79.3) 0.309 165 83 (74.8) 82 (73.9) 1.000
>ULN 136 28(25.2) 108 (20.7) 57 28(252)  29(26.1)

Treatments
Intensive treatments? B 71(64.0) 251(481)  0.090 135 71(640) 64(57.7) 0302
Less intensive treatments® 130 19(17.1) 111(21.3) 44 19 (17.1)  25(22.5)

(Continued to the next page)
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Table 2. Continued

Unmatched (complete) dataset

Diabetic Non-diabetic
(n=522)

Variable
Total (n=111)

Biological variable

Propensity score-matched (1:1) dataset”

Diabetic Non-diabetic

p-value Total (n=111) (n=111)

p-value

TP53 disruption
Presence 132 40 (36.0) 92(17.6) <0.001 72 40 (36.0)  32(28.8) 0.316
Absence 501 71 (64.0) 430 (82.4) 150 71(64.0) 79(71.2)

ATM deletion
Presence 77 15(13.5)  62(11.9) 0.632 32 15(13.5)  17(15.3) 0.849
Absence 556 96 (86.5) 460 (88.1) 190 96 (86.5) 94 (84.7)

IGHV
Unmutated 253 53 (47.7) 200 (38.3) 0.070 105 53 (47.7)  52(46.8) 1.000
Mutated 380 58 (52.3) 322(61.7) 117 58 (52.3)  59(53.2)

CD38 (%)
<30 473 81(73.0) 392(75.1) 0.632 161 81(73.0) 80(72.1) 1.000
=30 160 30 (27.0) 130 (24.9) 61 30(27.0) 31(27.9)

ZAP-70 (%)
<20 383 64 (57.7) 319 (61.1) 0.522 127 64 (57.7)  63(56.8) 1.000
>20 250 47 (42.3) 203 (38.9) 95 47 (42.3)  48(43.2)

Values are presented as number (%). CLL, chronic lymphocytic leukemia; CSS, cancer-specific survival; ECOG, Eastern
Cooperative Oncology Group; PS, performance status; IPI, international prognostic index; ALC, absolute lymphocytic count;
Hb, hemoglobin; PLT, platelet; LDH, lactate dehydrogenase; ULN, upper limit of normal; LLN, lower limit of normal;
B2-MG, B2-microglobulin; CRP, C-reactive protein; IGHV, immu-noglobulin heavy chain variable region; ZAP-70, zeta-chain
associated protein kinase 70. ¥The tests used in Table 1 were the chi-square test or the Fisher exact test, "Propensity score-
matched (1:1) analyses were performed with a small caliper of 0.1 for matching potential cofounders including sex, age,
Binet stage, ECOG PS, Hb, PLT, LDH, and p>-MG levels, TP53 disruption, ATM deletion, IGHV mutational status, CD38 and
ZAP-70 expressions, “Intensive treatments referred to fludarabine, cyclophosphamidetrituximab or bendamustine, “Less

intensive treatments referred to chlorambuciltrituximab.

(126 mg/dL) at first hospital admission for CLL before admi-
nistration of prednisone. Diabetes newly-identified during
the CLL follow-up periods was ignored. Prediabetes was
defined as having medical histories of impaired fasting glu-
cose (IFG) or impaired glucose tolerance (IGT) (ICD-10 code
R73.0), or FPG = 6.1 mmol/L (110 mg/dL) and < 7.0 mmol /L
(126 mg/dL) at first CLL diagnosis. Diabetes, IFG, and IGT
were diagnosed according to the criteria established by the
World Health Organization [16]. Diabetic duration (calcu-
lated from the earliest applicable diagnosis of DM to the first
CLL admission) and antidiabetic treatments at enrollment
were also collected from medical records and hospital reg-
istries. FPG results were accessible from the hospital-based
laboratory service for all patients. Venous blood samples
were collected between 7:00 aM and 9:00 aM after overnight
fasting on the second day after first admission. Within 2
hours after blood sample collection, plasma glucose level was
measured on an automatic enzymatic analyzer (Beckman
Coulter, Fullerton, CA) by means of glucose oxidase or hex-
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okinase method under a stringent quality control mecha-
nism.

Their antidiabetic medications before admission of CLL
were still used as the basic glycemic control during the entire
hospitalization. Insulin was also applied for poorly con-
trolled hyperglycemic patients.

4. Follow-up and outcome measures

The patients recruited were followed for 7-129 months
until August 2017, with a median follow-up time of 65
months. The follow-up included clinical and laboratory
checkups every 3 months for the first year and every 6
months from the second to the fifth years at the outpatient
department. For those who survived more than 5 years, the
follow-up and mortality data were carefully retrieved from
hospital records, death certificates in local disease control
center, or by interviewing (directly or by telephone) the
patients, their families and personal physicians annually. Di-
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abetic patients and non-diabetics were treated unbiasedly
with uniformity of reassessment.

The follow-up events include time-to-first-treatment (TTFT)
and cancer-specific survival (CSS). TTFT refers to the period
from the diagnosis date to either the time of the first CLL-
specific treatment or to the last follow-up date. Owing to that
TTFT is strongly affected by status at diagnosis especially
Binet stage and it would be difficult to evaluate long-term e
ffect of DM on CLL survival, patients who had treatment
immediately after diagnosis were excluded from the prog-
nostic analyses of TTFT. CSS was calculated as the interval
between diagnosis and CLL-specific death (including CLL-
related pneumonia) or the end of the follow-up (August
2017). Cause of death coded as C91.1, J12.9, or J15.9 based on
ICD-10 was classified as CLL-specific death, while eight
deaths due to other causes, including two due to lung cancer
(ICD-10 code C34.9), one due to glioma (ICD-10 code C71.9),
three due to ischemic heart disease (ICD-10 code 125.9) and
two due to stroke (ICD-10 code 164) were excluded from the
analyses of CSS, but were still included in the analysis of OS
to further exclude selection bias.

5. Statistical analyses

All statistical analyses were performed by SPSS ver. 23.0
(IBM Corp., Armonk, NY) and R software 3.2.5 (http: // www.
r-project.org /) with Matchlt packages. Categorical variables
were displayed as percentage and compared by the chi-
square test or the Fisher exact test. Continuous variables
were shown as meantstandard deviation and compared by
the unpaired t test or the Mann-Whitney U test. Underlying
assumptions for the t test were previously assessed including
the normality test and the homogeneity test of variances. Sur-
vival curves were constructed by the Kaplan-Meier method
and differences were compared by the log-rank test. Univari-
ate and multivariate Cox regression analyses were per-
formed to determine the independent risk indicators for
TTFT and CSS. Collinearity diagnoses were performed by
calculation of the variance inflation factor (VIF) and the tol-
erance value of each univariate predictor. Variables with VIF
>10.0 or tolerance < 0.1 represented severe multicollinearity
and this was used as a guide for exploring alternative mod-
els. Propensity score-matched (PSM) analyses, using the 1:1
nearest neighbor technique with a small caliper of 0.1, were
carried out to ensure better balance and reevaluate univariate
and multivariate analyses in matched couples. Receiver ope-
rator characteristic curves and the corresponding areas under
the curve (AUC) were calculated to assess the predictive
accuracy of CLL-IPI together with DM. The difference in
AUCs was tested by a non-parametric approach developed
by DeLong et al. [17] Difference with a two-sided p < 0.05
was considered significant.

6. Ethical statement

This study was approved by the Ethics Committee of the
First Affiliated Hospital of Nanjing Medical University. All
aspects of the study, including periodical clinical and labo-
ratorial checkups were performed according to the principles
of the Declaration of Helsinki (64th, 2013). Written informed
consent and permissions for the possibility of utilizing their
clinical data anonymously in the future were obtained from
all subjects involved in this study at the time of first CLL
admission.

Results

1. Patients’ clinical characteristics in relation to DM

Six hundred and thirty-three newly-diagnosed CLL pati-
ents were finally recruited in our study. In total, 111 CLL
patients (17.54%) had pre-existing DM, with 103 patients
having a medical history of diabetes, and the other eight
whose FPG levels = 7.0 mmol/L at diagnosis of CLL. Fur-
thermore, 56 patients (8.85%) had prediabetes, including 17
patients reporting a history of IFG or IGT, and the other 39
patients whose FPG levels = 6.1 mmol/L and < 7.0 mmol/L
at enrollment. The mean FPG levels for diabetes and predia-
betes were 7.83+2.54 mmol /L and 6.54+0.29 mmol /L, respec-
tively. The median diabetic duration was 48 months (range,
0 to 360 months).

The baseline characteristics according to diabetic status for
evaluating TTFT and CSS were correspondingly presented
in Tables 1 and 2. In patients for TTFT and CSS evaluation,
clinical variables of sex male (p=0.005 for TTFT and p=0.029
for CSS), age above 65 years (p < 0.001 for TTFT and p=0.013
for CSS), elevated ECOG PS (> 1) (p=0.037 for TTFT and
p=0.034 for CSS) and CLL-IPI score (4-10) (p < 0.001 for both
TTFT and CSS) were associated with DM. Diabetic CLL pati-
ents were more likely to have reduced Hb and PLT levels,
together with elevated p-MG concentrations in both TTFT
and CSS cohort, with p-values around 0.001. As for biological
variables, significant correlations were identified for TP53
disruption (p=0.001 for TTFT and p < 0.001 for CSS). More-
over, no statistically evident difference (p=0.174 for TTFT
and p=0.090 for CSS) was detected in the distribution of CLL
therapies suggesting diabetic and non-diabetic patients recei-
ved comparable treatments.

To balance the characteristics between diabetics and non-
diabetics, PSM analyses with 1:1 ratio were applied to mini-
mize the differences in potential confounders including sex,
age, Binet stage, ECOG PS, Hb, PLT, LDH and B-MG levels,
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Unmatched (complete) dataset

100 + —— Diabetic (n=73)
—— Non-diabetic (n=334)

p <0.001
0 T T T T

0 24 48 72 9% 120 144

No. at risk Time (mo)

Diabetic 73 38 23 21 21 21 21
Non-diabetic 334 215 178 165 162 160 160

Propensity score-matched (1:1) dataset

100 1 —— Diabetic (n=73)
Non-diabetic (n=73)

p=0.068
O T T T T

0 24 48 72 96 1éO 1214

No. at risk Time (mo)

Diabetic 73 38 23 21 21 21 21
Non-diabetic 73 37 33 27 25 25 25

Unmatched (complete) dataset

100 1 —— Diabetic (n=111)
—— Non-diabetic (n=522)
80 1
2 601
7
&8 40+
20 4
p<0.001
0 T T T T T T
0 24 48 72 96 120 144
No. at risk Time {mo)

Diabetic 111 79 64 5 51 50 50
Non-diabetic 522 492 445 417 402 395 393

Propensity score-matched (1:1) dataset

100 1 —— Diabetic (n=111)
Non-diabetic (n=111)
80 -
32 60 -
wn
&8 401
20 -
p<0.001
0 T T T T T T
0 24 48 72 96 120 144
No. at risk Time (mo)

Diabetic 111 79 64 54 5] 50 50
Non-diabetic 111 102 87 80 77 76 76

Fig. 1. Kaplan-Meier curves of time-to-first-treatment (TTFT) and cancer-specific survival (CSS) stratified by diabetic status
before and after propensity matching. (A) TTFT in unmatched (complete) dataset. (B) CSS in unmatched (complete) dataset.
(C) TTFT in propensity score-matched (1:1) dataset. (D) CSS in propensity score-matched (1:1) dataset.

TP53 disruption, ATM deletion, IGHV mutational status,
CD38, and ZAP-70 expressions. After matching, these clini-
copathological parameters were adequately balanced and
evenly distributed in the propensity-matched dataset as
shown in Tables 1 and 2 (all p > 0.1).

2. Prognostic value of pre-existing DM in CLL

During the median follow-up of 65 months (range, 7 to 129
months), 452 patients (71.41%) had treatment indications,
and 190 patients (30.02%) deceased. Among the 452 patients
who received induction therapies, 226 required immediate
medication after initial diagnosis, while the other 226 recei-
ved treatment during the follow-up but with no indication
of antileukemic therapy at CLL diagnosis. Patients who were
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immediately treated after diagnosis were excluded from the
prognostic analyses of TTFT.

In diabetic CLL patients, the median of TTFT was 24
months (range, 2 to 95 months) and of CSS was 60 months
(range, 1 to 129 months), which were significantly worse
compared with non-diabetic CLL patients, in whom the
median of TTFT was 46 months (range, 2 to 127 months) and
of CSS was 125 months (range, 2 to 129 months) (p < 0.001
for both TTFT and CSS) (Fig. 1A and B). After propensity
score-matching, diabetic patients showed only a tendency
towards significance in TTFT (p=0.068); however, their CSS
was still significantly worse compared to non-diabetic pati-
ents (p <0.001) (Fig. 1C and D).

Table 3 demonstrated the univariate and multivariate Cox
regression analyses of TTFT and CSS (VIFs of all variables
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<2) for potential prognostic factors in CLL. All the variables,
regardless of significance in univariate analyses, further
entered multivariate Cox regression analyses to avoid con-
founding effect. For TTFT in the complete cohort, seven vari-
ables remained statistically evident in multivariate analyses,
including Binet B/C (hazard ratio [HR], 1.901; 95% confi-
dence interval [CI], 1.366 to 2.644; p < 0.001), ECOG PS > 1
(HR, 1.523; 95% CI, 1.027 to 2.257; p=0.036), reduced PLT
level (HR, 1.577; 95% CI, 1.082 to 2.301; p=0.018), B-MG >
3.50 mg/L (HR, 1.378; 95% CI, 1.022 to 1.857; p=0.036), TP53
disruption (HR, 1.577; 95% CI, 1.114 to 2.234; p=0.010), IGHV
unmutated status (HR, 1.919; 95% CI, 1.425 to 2.584; p <
0.001), and diabetic (HR, 1.639; 95% CI, 1.170 to 2.297;
p=0.004). For CSS, diabetic (HR, 2.758; 95% CI, 1.989 to 3.824;
p <0.001) together with the other five variables remained sta-
tistically significant in multivariate analyses, including age
> 65 years (HR, 1.876; 95% CI, 1.378 to 2.554; p < 0.001), Binet
B/C (HR, 2.029; 95% CI, 1.319 to 3.122; p=0.001), f-MG >3.50
mg/L (HR, 1.523; 95% CI, 1.098 to 2.112; p=0.012), TP53 dis-
ruption (HR, 1.934; 95% CI, 1.388 to 2.695; p < 0.001), and
IGHV unmutated status (HR, 1.960; 95% CI, 1.424 to 2.697; p
< 0.001), which were in accordance with the parameters in
CLL-IPL In conclusion, pre-existing DM was an independent
prognostic predictor not only for TTFT, but also for CSS.
After PSM, multivariate Cox regression analyses (VIFs of all
variables < 2) showed that diabetic still remained an inde-
pendent prognostic factor for both TTFT (HR, 1.580; 95% CI,
1.041 to 2.398; p=0.032) and CSS (HR, 2.514; 95% CI, 1.613 to
3.918; p < 0.001).

Owing to that excluding information from future events
would generate selection bias, we analyzed the association
between DM and all-cause mortality by censoring individu-
als at the time of death due to other causes rather than exclu-
ding them. Univariate and multivariate Cox regression ana-
lyses of TTFT and OS (VIFs of all variables < 2) were con-
ducted in 641 patients including eight who died of other
causes. After multivariate analyses, DM was an independent
factor correlated with worse TTFT and OS (HR, 1.643; 95%
CI, 1.179 to 2.290; p=0.003 for TTFT and HR, 2.744; 95% CI,
1.994 to 3.777; p < 0.001 for OS) (S2 Fig., S3 Table).

Cox regression analyses for CSS (VIFs of all variables < 2)
was performed again in patients who received treatment for
CLL, and intensive treatments (fludarabine, cyclophospha-
mide+rituximab or bendamustine) was added as an inde-
pendent variable. DM was found to be still significantly
associated with unfavorable CSS in the complete cohort (HR,
2.717;95% CI, 1.933 to 3.818; p < 0.001) and the PSM datasets
(HR, 2.342; 95% CI, 1.476 to 3.716; p < 0.001) (54 Table).
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3. Analyses of prediabetes, diabetic duration and HbAlcin
relation to CLL prognosis

Among the 633 CLL patients enrolled in our study, 111
cases (17.54%) were diagnosed as pre-existing DM, while the
remaining 522 patients (82.46%) were categorized into two
subgroups: 56 (8.85%) as pre-diabetics and 466 (73.62%) hav-
ing no tendency towards diabetes. Both in the unmatched
(Fig. 2A and B) and the PSM datasets (Fig. 2C and D), signif-
icant overall difference in TTFT and CSS was identified
among the three subgroups, with all p-value around 0.001
(log-rank test across all three groups). Further survival analy-
ses by pairwise over strata showed the comparison between
every two specific subgroups for TTFT and CSS. In the
unmatched dataset, pre-diabetic CLL patients were more
likely to have an evidently poorer TTFT (p < 0.001) and CSS
(p < 0.001) compared with those having no diabetic ten-
dency, while only significance in CSS was detected between
diabetics and pre-diabetics (p=0.024). However, after pro-
pensity score-matching, no significant difference in CSS was
identified comparing pre-diabetics and those having no dia-
betic tendency (p=0.962) (S5 Table). These results might con-
vey the idea that CLL patients with prediabetes should be
given equal concern as those with diabetes, since they might
share an undesirable survival outcome.

A subgroup analysis was also carried out for different
diabetic duration in CLL patients with DM. Diabetic dura-
tion refers to the interval from the date of initial diagnosis of
DM to the date of first CLL hospital admission. Eight patients
whose FPG level > 7.0 mmol /L at diagnosis of CLL were also
defined as diabetics, and their disease duration was calcu-
lated as 0 month. We grouped all 111 diabetic patients into
four categories by quartiles (Q1=25%, Q2=50%, Q3=75%) of
diabetic duration: > 120 months, > 48 and < 120 months, > 12
and < 48 months and < 12 months. Both in the complete (Fig.
2E and F) and the PSM datasets (Fig. 2G and H), an overall
significance was only discovered for CSS (p < 0.001 for both
unmatched and PSM datasets, log-rank test across all four
groups), but not for TTFT (p=0.125 for unmatched dataset
and p=0.363 for PSM dataset, log-rank test across all four
groups). In the further pairwise prognostic comparison, we
noticed that worse CSS went along with longer diabetic dura-
tion (S6 Table).

Due to the retrospective nature of this study, records of
HbA1c were only found in 62 of the 111 total diabetic CLL
patients. Diabetic patients with (62 cases) and without (49
cases) an HbA1lc result had no significant difference in the
distribution of clinical characteristics (all p > 0.05). Diabetic
patients were subdivided into three groups according to their
HbAlc levels: > 8.0%, = 6.5% and < 8.0%, < 6.5%. Pairwise
comparisons by analyzing the complete (Fig. 2I and J) and
the PSM datasets (Fig. 2K and L) both presented that ade-
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DM-PI

DM-PI

quate glycemic control was associated with longer CSS in

R g diabetic CLL patients (S7 Table).
i _ é _ ; 4. DM together with CLL-IPI: a better prognostic index for
=528 & CLL
s555 s
2 23 S R Given that in Table 3, DM was found to be an independent
ke S 23 e prognostic indicator for CSS in multivariate analyses along-
5% E 3 ; side with other five parameters which are included in CLL-
55g¢% g IPI, adding the criterion of DM to CLL-IPI might improve its
| | | s @ NN 5 predictive capacity. When evaluated for CSS, DM as one
= -~ g additional point to CLL-IPI demonstrated a statistically sig-
S So@g z.q nificantly larger AUC compared with CLL-IPI alone (p=0.009),
- - % while DM as two additional points exhibited no significance
s 8Le8s S (p=0.062) in CSS prediction. Accordingly, a new prognostic
° - = index (DM-PI) can be generated by the sum of adding 1 point
N B®E>» § g for DM to the original CLL-IPI (Fig. 3A and B).
E g To further validate and confirm the prognostic capacity of
F S8 B DM-P], we split the entire cohort into four risk grades: low-
© o o é risk group (DM-PI 0-2), intermediate-risk group (DM-PI
& - 23 F 3-4), high-risk group (DM-PI 5-7), and very high-risk group
o o s (DM-PI 8-11). For comparison, we also divided the cohort
< eoaEy A into four risk groups based on the original CLL-IPI: low-risk
(%) SS9 AR § group (CLL-IPI 0-1), intermediate-risk group (CLL-IPI 2-3),
= "é‘) 'é) e = £ high-risk group (CLL-IPI 4-6), and very high-risk group
S -E E= %: 3 ; (CLL-IPI 7-10). The TTFT and CSS differed significantly
s E 2 among all risk groups (p < 0.001, log-rank test across all four
2 B groups) (Fig. 3C-F). In pairwise comparison, a statistically
- £ evident difference for TTFT and CSS was found between
= every pair of subgroups categorized by DM-PI and patients
s with very high risk (DM-PI 8-11) had the worst survival out-
§ come among all risk groups (S8 and S9 Tables). In addition,
_ § we compared the immediate and 3-year risk for TTFT, 3-year
S it —_ bwosy 8 and 5-year risk for CSS in the CLL-IPI and DM-PI groups,
=533 S |- < and we found that DM-PI both widened the definition of
s i'i_; 1 = |9 L oo & low-risk and high-risk patients for 3-year and 5-year CSS,
< ;% g - = and maintained relative equivalent accuracy to the CLL-IPI
;D‘E; 2 ; L < ey M in 3-year TTFT estimation (510 Table). So as a conclusion,
=5 % = ° ) DM together with CLL-IPI can significantly differentiate each
5;% E § NS PR8I F risk group from one another, and improve the risk stratifica-
S£ES £ g tion of CLL-IPL
n e TN¥s S
g
L 5, ™58 g §_
=
et |l sgmgz § Discussion
8 8 8 | & ° - R
Bl (%) 1411 FEEEE S
S5z S 5 To our knowledge, rarely has any studies to date investi-
S -g_ T -;f 3 § < gated the association of pre-existing DM and CLL, and the
kS % : E possible etiology role of DM in CLL has not been fully eluci-
E o = dated. Our study is the first to discover the possible value of
s DM in CLL prognostication and presenting that adding the
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criterion of DM to CLL-IPI could improve the predictive
accuracy of CLL prognostic model.

In the last decade, substantial epidemiological evidences
indicated that some cancers developed more commonly in
diabetic patients (predominantly T2DM), and the relative
risk imparted by diabetes was greatest for liver and pancre-
atic cancer (nearly 2-fold or higher), while lesser for colorec-
tal, gastric, breast and bladder cancer (1.2-1.5 fold) [18].
Possible biological links such as hyperinsulinemia, hyper-
glycemia, inflammatory cytokines over-secretion, insulin-like
growth factor (IGF) over-production, and up-regulation of
IGF-1 receptor might favor not only malignant transforma-
tion of cells but also progression of tumors. Obesity might be
the underlying cause, as abdominal adiposity has been shown
to play a role in creating a systemic pro-inflammatory envi-
ronment, which could result in the development of both
diabetes and cancer. As to lymphoproliferative diseases, the
odds ratios for NHL, leukemia and myeloma were increased
at 1.22 (95% CI, 1.07 to 1.39), 1.22 (95% CI, 1.03 to 1.44), and
1.22 (95% CI, 0.98 to 1.53) respectively as reported in a meta-
analysis of observational studies [2]. In our study, the preva-
lence of pre-existing DM in newly-diagnosed CLL patients
was 17.17%, which was evidently higher than the results
(9.70%) from a Chinese nationwide study of diabetes, in
which 46,239 nationally representative samples were partic-
ipated [19].

Our findings suggested that pre-existing DM was associ-
ated with worse TTFT and CSS in CLL patients (p < 0.001 for
both TTFT and CSS), and that it was an independent prog-
nostic indicator for CSS (p < 0.001) in multivariate analyses.
In consistent with our results on cancer prognosis, previous
clinical research among Taiwanese population addressed
that mutually adjusted HR for NHL mortality in diabetic
patients was 1.028 (95% CI, 1.005 to 1.051; p=0.0168) [20].
Another case-control study also observed that NHL patients
with a history of pre-existing DM had a poorer survival after
approximately one year of follow-up and had an approxi-
mately 20-fold risk for death compared with those without
DM after 4 years of follow-up [21]. Regarding other specific
cancer types, evidence was provided that pre-existing dia-
betes was also correlated with worse disease-free survival
and OS in lung (HR, 1.27; 95% CI, 1.07 to 1.50), prostate (HR,
1.56; 95% CI, 1.03 to 2.36), and colorectal cancer (HR, 1.17;
95% CI, 1.09 to 1.25). In consensus with our results on dia-
betic duration and severity, two studies demonstrated a pos-
itive association between duration of diabetes and increased
risk of NHL [22,23].

With respect to TIDM and childhood leukemia, previous
studies have shown significant correlations in incidence and
similarities in epidemiology between AML, ALL, and TIDM
both across international and regional areas. The plausible
explanation for the observed comorbidity could be shared
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infectious etiology, growth-promotion effects of insulin ther-
apy and T1DM related metabolic disturbances. Genetic sus-
ceptibility to TIDM and ALL regulated by distinct genes was
also proven to be a contributing factor. One of the single
nucleotide polymorphisms (rs10272724) near the IKZF1 gene,
which has been implicated in the development of childhood
ALL, was found to be protective against TIDM in a large
population of patients of European ancestry [24]. However,
to our knowledge, the potential etiology role of DM in CLL
development has not been investigated and it is difficult to
tease out a possible causal sequence between DM and CLL.
It is postulated that these two diseases might share common
pathways in the early stage of developments via immune
dysregulation and cytokine activity, or share risk factors
including obesity, diet, genetic susceptibility, and environ-
mental exposures. For immune dysregulation, CLL patients
have been shown to develop autoimmune disorders possibly
mediated through excessive activation of B cells [25]. Regu-
latory T-cells dysregulation was also found to play a funda-
mental role in protecting CLL cells from being killed by the
immune system [26]. In patients with T2DM, Pietropaolo et
al. [27] demonstrated that the presence of islet cell autoim-
munity was associated with an impairment of the acute-
phase insulin secretion. As to cytokine activity, circulating
levels of interleukin-6 and tumor necrosis factor-o activated
by excess fat were raised in insulin-resistant states, such as
T2DM and obesity [28]. These inflammatory factors and
cytokines also promoted normal plasma cell development
and proliferation of myeloma cells in culture and were repor-
ted to be related to poor prognosis of CLL in clinical studies
[29,30].

In the current clinical practice of CLL, little attention was
paid to controlling the progression of comorbid DM and its
complication. The implications of our study are (1) concerns
should be given to patients with diabetes or prediabetes at
first diagnosis of CLL to help predict life expectancy; (2)
blood glucose level should be routinely monitored for dia-
betic patients. Because hyperglycemia could cause pred-
nisolone dosing attenuated, it should be actively controlled
using effective antidiabetic agents.

The limitations of our study were illustrated as follow: the
restriction within one institution; inability to account for
unmeasured confounders despite using PSM analyses (e.g.,
different types of treatment for CLL, or different types of
diabetes-related lifestyle); the retrospective nature of this
study with incomplete data on HbAlc. Owing to that the
informed consent was not only restricted to this study and
the research design was not established before the patients’
enrollment, we still consider our study to be a retrospective
one.

We concluded that pre-existing DM was correlated with
worse TTFT and CSS in CLL patients and that it was an
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independent prognostic factor for both TTFT and CSS in
PSM cohort. Pre-diabetics also shared undesirable survival
outcomes (TTFT and CSS) compared with patients with no
diabetic tendency, and a positive association between longer
diabetic duration and poorer prognosis of CLL was identi-
fied. We also noticed that DM together with CLL-IPI (DM-
PI) had a statistically significantly larger AUC compared
with CLL-IPI alone in CSS prediction, and can improve the
risk stratification of CLL-IPI. Although statistically signifi-
cant, the inclusion of DM only resulted in minor improve-
ment. To interpret our results more cautiously, DM-PI was
not intended to replace CLL-IPI in clinical practice, but only
to indicate that diabetes should be well-assessed and man-
aged in CLL patient care. Due to the retrospective nature and
lack of validation cohort, our results remain to be replicated
and confirmed in epidemiologic studies with larger samples,
longer follow-up periods and full adjustments for covariates
to test the proposed prognostic score.
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