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Abstract
Background—The impact of physicians’ disease-specific expertise on patient outcome is
unknown. While previous studies suggest a survival advantage for cancer patients cared for at high
volume centers, these observations may simply reflect referral bias or better access to advanced
technologies, clinical trials, and multidisciplinary support at large centers.

Methods—We evaluated time to first treatment(TTFT) and overall survival(OS) of patients with
newly diagnosed chronic lymphocytic leukemia/small lymphocytic lymphoma(CLL) at a single
academic center based on whether they were cared for by a hematologist/oncologist who sub-
specializes in CLL(CLL hematologist) or a hematologist/oncologist with expertise in other
areas(non-CLL hematologist).

Results—Among 1309 newly diagnosed patients with CLL cared for between 1999–2009,
773(59%) were cared for by CLL hematologists and 536 were cared for by non-CLL
hematologists. Among early stage patients(Rai 0-I), median TTFT(9.2 vs. 6.1 years; p<0.001) and
OS(10.5 years vs. 8.8 years; p<0.001) were superior for patients cared for by CLL hematologists.
For all patients, OS was superior for patients cared for by CLL hematologists(10.5 years vs. 8.4
years; p=0.001). Physician’s disease-specific expertise remained an independent predictor of OS
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after adjusting for age, stage, sex, and lymphocyte count. Patients seen by a CLL hematologist
were also more likely participate in clinical trials(48% vs. 16%; p<0.001).

Conclusion—Physician disease-specific expertise appears to influence outcome in patients with
CLL. To the greatest extent possible, patients should be cared for by a hematologist/oncologist
expert in the care of their specific malignancy. When not possible, practice guidelines developed
by disease-specific experts should be followed.

Keywords
chronic lymphocytic lymphoma(CLL); small lymphocytic lymphoma (SLL); prognosis; physician
expertise

BACKGROUND
The care of patients with cancer is becoming increasingly complex. Previous studies have
demonstrated that the cancer outcomes of patients undergoing tumor resection may differ
based on hospital volume and surgeon experience.1 Although less data are available
regarding the outcome of cancers treated non-surgically, studies from both the U.S. and
Europe suggest a survival advantage for patients with these cancers when cared for at high
volume centers2–8 Despite these trends, insurance companies are pursing physician cost
profiling as part of strategies to drive patients to the lowest cost provider rather than the
most expert.9

Chronic lymphocytic leukemia/small lymphocytic lymphoma(CLL),10, 11 the most prevalent
lymphoid malignancy in the U.S., is one B-cell lymphoid malignancy that has seen
significant clinical and scientific advances over the last decade.12–14 In addition to improved
prediction of clinical outcome using biologic markers, a number of new therapies for
treating the disease have reached the clinic. Alemtuzumab15, bendamustine16,
ofatumumab17, and rituximab have all received FDA approval for treatment of CLL in the
last decade which has also seen better definition of the role of allogeneic transplant for
selected patients18. Multi-drug regimens combining chemotherapeutic agents with
monoclonal antibodies have dramatically improved response rates, progression free
survival,19–21 and overall survival(OS)22. There have also been considerable improvements
in the understanding and management of complications of CLL including autoimmune
hemolytic anemia(AIHA), immune thrombocytopenic purpura(ITP), pure red blood cell
aplasia(PRBCA), hypogammaglobulinemia, and infectious complications.23, 24

Optimal application of new therapies and management of disease related complications
requires significant expertise because age, comorbidities, prior therapies, and disease
manifestations influence treatment selection for individual patients.12, 13 Consistent with this
notion, evidence suggests that hospital volume and specialization may influence outcome in
patients with lymphoma2 and recent population-based studies of lymphoma patients suggest
that where a patient receives their care(e.g. rural versus metropolitan area; community based
versus university-based) may influence survival.25 While these observations could be due to
greater disease-specific expertise among physicians at university and large metropolitan
centers, they may simply reflect referral bias or better access to advanced technologies,
clinical trials, supportive care, and multidisciplinary support at large centers. Little is known
about the direct influence of the hematologist/oncologist’s disease-specific expertise on the
outcome of patients cared for in the same practice setting where access to clinical trials,
multidisciplinary consultation, and medical technologies are identical.

We hypothesized that the hematologist/oncologist’s disease-specific expertise would
influence the time to first treatment(TTFT) and choice of therapy in patients with CLL
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including the small lymphocytic lymphoma(SLL) variant, but would not influence OS. As
part of a quality initiative, we evaluated TTFT, therapy selection, and OS in patients with
newly diagnosed CLL cared for at the same academic medical center based on whether they
were seen by a hematologist/oncologist who specifically focused on caring for patients with
CLL or by a hematologist/oncologist with expertise in other areas.

METHODS
Physician Disease-specific Expertise

The Mayo Clinic Division of Hematology is comprised of 43 hematologists caring for the
full spectrum of benign and malignant hematologic diseases. Among these physicians,
42(98%) are board-certified in hematology. During the study interval, 29(67%) of these
physicians were also board-certified in medical oncology(1 physician certified medical
oncology only; remaining 28 certified both hematology and medical oncology). Like most
academic centers, although qualified to care for the full spectrum of blood disorders,
physicians develop focused expertise within a specific disease area. The Mayo Clinic
Division of Hematology is organized around 6 disease groups which focus on chronic
lymphoproliferative disorders(e.g. CLL), dysproteinemias(e.g. myeloma, amyloidosis),
lymphoma, myeloid diseases(e.g. leukemia, myelodysplasia), bleeding/coagulation
disorders, and nonmalignant hematology. During scheduling, effort is made for patients to
be seen by a physician within the disease group most specific to their diagnosis. If, however,
there is a long wait for a patient to be seen by a disease-specific physician, patients may be
seen by a hematologist outside that disease group.

Patients
The Mayo Clinic CLL Database includes all patients with a diagnosis of CLL11 or SLL26

seen in the Division of Hematology at Mayo Clinic Rochester who permit their records to be
used for research purposes.23, 27–33 All these patients fulfilled the 1996 criteria for CLL in
effect through the study period26 and/or the WHO criteria for SLL11. Clinical information
regarding date of diagnosis, physical examination, clinical stage(Rai), prognostic
parameters, and treatment history are abstracted from clinical records at the time of
inclusion and maintained on a prospective basis. Results of prognostic testing performed as
part of clinical or research studies are also included in the database. This includes evaluation
of absolute lymphocyte count (ALC), IGHV gene mutation analysis, ZAP70 status, CD38
status, and cytogenetics abnormalities by interphase FISH testing using methods previously
described by our group.34–37

With the approval of the Mayo Clinic Institutional Review Board, we used this database to
identify all patients with previously untreated CLL cared for in the Division of Hematology
between January 1999 and September 2009. Only patients seen within 1 year of diagnosis
were included in this analysis. For each patient, charts were reviewed to identify the treating
hematologist or hematology/oncology fellow responsible for the patient’s care at the time of
their initial consultation as well as their primary disease group affiliation. Hematologists
who were members of the CLL disease group were designated as having disease-specific
expertise(“CLL hematologist”) while hematologists who were primary members of other
disease groups were considered as having expertise in other areas(“non-CLL hematologist”).
During the time interval for the present study, the CLL/chronic lymphoproliferative disorder
disease group was comprised of 5 hematologists. Patients cared for by a nurse
practitioner(NP) who is a member of the CLL disease group and is supervised by CLL
hematologists were also classified as being cared for by a CLL hematologist. Patients cared
for by fellows were classified based on whether the supervising physician was a CLL
hematologist or a non-CLL hematologist using accurate computer documentation. Per
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institutional policy, all patients cared for by fellows are seen in person by the supervising
hematologist at the time of the initial consultation. If a patient was initially seen by a non-
CLL hematologist but was immediately referred to a CLL hematologist to assume care, they
were classified as being cared for by a CLL hematologist.

For patients who went on to receive chemotherapy treatment, charts were also reviewed to
determine the primary disease group of the treating physician at the time therapy was
initiated using the same classification scheme. Therapies were grouped into one of five
categories: purine nucleoside analog based therapy, single-agent alkylator therapy(+/−
steroid), non-purine analogue-alkylating agent based combination, antibody-only therapy, or
other therapy.

Statistical methods
Differences in patients’ clinical characteristics by physician type(CLL vs non-CLL) were
analyzed using chi-squared or Fisher’s exact tests for discrete variables or using t-tests or
Wilcoxon rank sum tests for continuous variables. OS was defined as the time between the
date of diagnosis to date of death or last follow-up, and TTFT was defined as the time
between the date of diagnosis and date of initiation of first treatment or date of last follow-
up at which the patient was known to be untreated. Although, the accepted indications to
initiate treatment throughout the study interval were based on the NCI-WG 1996 criteria26,
these criteria provide substantial latitude for physician judgment with respect to what
represents “progressive or massive lymphadenopathy” and interpretation of the clinical
significance of constitutional symptoms such as fatigue. Patients receiving early treatment as
part of experimental protocols prior to meeting NCI-WG 1996 criteria to initiate therapy
were censored as untreated on the date experimental therapy was administered for analysis
of TTFT (since they had not met criteria for treatment as of that date) but were included in
survival analysis. Repeat analysis of TTFT and OS in which these patients were removed
altogether (rather than censored) led to similar results. Estimates of survival were calculated
using the Kaplan-Meier method. Cox proportional hazard models were used to model the
relationship of multiple variables simultaneously. All statistical analyses were performed
using the SAS 9.1 software package(SAS Institute; Cary, North Carolina).

RESULTS
Between January 1999 and September 2009, 1309 previously untreated patients with
CLL(SLL variant n=238) who presented within 1 year of diagnosis were seen in the Mayo
Clinic Division of Hematology. Median time from diagnosis to consultation at Mayo Clinic
was 11 days. Consistent with previous reports38 and the WHO classification of CLL and
SLL as a single disease entity11, there was no difference in TTFT or OS between patients
with the SLL variant and comparable stage(Rai I or II) CLL(Figure 1). Accordingly, for
staging purposes, patients with SLL who did not have cytopenias were grouped with
intermediate Rai risk(stage I and II) patients while those with cytopenias were grouped with
high Rai risk(stage III or IV) patients.

Among these 1309 patients, 773(59%) were cared for by a CLL hematologist either
directly(n=664) or by a fellow supervised by a CLL hematologist(n=109). The remaining
patients were cared for by a hematologist with primary expertise in an area other than
CLL(n=429) or by a fellow supervised by a non-CLL hematologist(n=107). Patient
characteristics are shown in Table 1. Patients seen by non-CLL hematologists were slightly
older and more likely to have intermediate Rai risk but on average had lower ALCs. No
difference in the geographic proximity of patients’ residence to Mayo Clinic was observed
between groups.
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Patient seen by CLL hematologists were markedly more likely to undergo prognostic
evaluation using molecular biomarkers including CD38 (performed 93% vs. 76%;
p<0.0001), ZAP70 (69% vs. 40%; p<0.0001), cytogenetic analysis by FISH (79% vs. 53%;
<0.0001), CD49d (41% vs. 20%; p<0.0001), and IGHV gene mutation testing (67% vs.
25%; p<0.0001). Prognostic evaluation using molecular biomarkers was non random among
non-CLL hematologists and was more likely to be performed in patients whose disease had
more aggressive clinical characteristics. For example, the Rai stage 0/I patients cared for by
non-CLL hematologists who had CD38, CD49d, or ZAP70 testing performed had a shorter
TTFT irrespective of the assay results (e.g. simply having the test performed predicted for
shorter TTFT regardless of whether the test result was favorable or unfavorable; all p<0.05).
Similarly, those patients who had IGHV, FISH, CD49d, or ZAP70 testing performed had
shorter OS than those who did not have these assays performed (e.g. having the test
performed predicted poorer survival regardless of whether the test result was favorable or
unfavorable, all p <0.05). Because these prognostic tests i) were missing in large numbers of
patients, ii) were markedly more likely to be missing for patients cared for by non-CLL
hematologists, and iii) were not missing at random among non -CLL hematologists, further
analysis of the impact of prognostic testing on clinical outcomes by physician expertise
could not be reliably performed.

In aggregate, 1139 patients had Rai stage 0-I disease and were the principle candidates for
observation(“watchful-waiting”).26 Among these, 678(60%) were cared for by a CLL-
hematologist either directly(n=582) or by a fellow supervised by CLL hematologist(n=96).
The remaining 461 were cared for by a non-CLL hematologist(n=373) or by a fellow
supervised by a non-CLL hematologist CLL(n=88). TTFT and OS of patients with Rai stage
0-I CLL/SLL based on the type of physician caring for them is shown in Figure 2A and B.
The median TTFT was 9.2 years for patients cared for by a CLL hematologist as compared
to 6.1 years when cared for by a non-CLL hematologist(p<0.001). When patients with Rai
stage 0 and I were analyzed separately, TTFT remained shorter for both patients with Rai
stage 0 (p=0.043) and Rai stage 1 (p<0.001) disease. The median OS of patients cared for by
a CLL hematologist was 10.5 years as compared to 8.8 years for those cared for by a non-
CLL hematologist(p=0.002). When patients with Rai stage 0 and I were analyzed separately,
OS remained shorter for those with Rai stage 1 disease (p=0.03) however the difference for
those with Rai stage 0 did not reach the threshold of statistical significance (p=0.08).

The TTFT and OS of patients cared for by fellows differed based on the disease-specific
expertise of the supervising physician with superior TTFT and OS when fellows were
supervised by CLL hematologists(Figure 2C and D; p-value TTFT<0.001; p-value
OS=0.007). Patients cared for by fellows supervised by a CLL hematologist had slightly
longer TTFT(p=0.04) and similar OS(p=0.16) as patients cared for directly by CLL
hematologists. Patients cared for by fellows supervised by a non-CLL hematologist had
similar TTFT(p=0.16) and OS(p=0.46) as patients cared for directly by non-CLL
hematologists. The relationship between physician disease-specific expertise and outcome
among Rai stage 0–I patients remained significant on multivariate analysis adjusting for age,
sex, stage, ALC at the time of initial consultation, and whether or not patients were cared for
by a fellow (Table 2; p-value TTFT<0.001; p-value OS=0.01).

During the study interval, 320(24%) patients received therapy. Of these, 92 had their first
treatment under the direction of a non-Mayo physician or were treated prior to disease
progression as part of clinical trials testing early intervention(n=44) and were excluded from
analysis on type of first-line therapy. Among the remaining 184 patients, 104 had their first
treatment selected by a CLL hematologist while the remaining 80 had their first treatment
selected by a non-CLL hematologist. Patients seen by a CLL hematologist were markedly
more likely to receive their first-line treatment as part of a clinical trial(48% vs. 16%;
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p<0.001). The type of first-line therapy administered differed based on physician disease-
specific expertise(p<0.001) with CLL hematologists more likely to administer purine
nucleoside analogue based treatment(70% vs. 28%) and less likely to administer a non-
purine alkylating agent combination(8% vs. 28%), single agent alkylator(12% vs. 22%), or
anti-body only therapy +/− steroids(10% vs. 19%).

Finally, we evaluated the OS of patients of all disease stages. Consistent with previous
reports2,25 and potentially due to referral bias, survival of patients cared for at Mayo Clinic
was longer than patients in the SEER registry(n=1087) diagnosed with CLL 1999–
2004(Figure 3A). For all patients (January 1999 – September 2009), median OS of patients
cared for by a CLL hematologist(directly or with fellow) was 10.5 years as compared to 8.4
years(p=0.001) for those cared for by a non-CLL hematologist(directly or with fellow). OS
of patients cared for by a fellow again differed based on the disease-specific expertise of the
supervising physician with superior survival when fellows were supervised by a CLL
hematologist(Figure 3B; p=0.004). Physician disease-specific expertise remained a
significant factor for OS after adjusting for age, sex, stage, ALC at diagnosis, and whether or
not patients were cared for by a fellow (p=0.04; Table 3). All multivariate results were
similar when SLL patients were excluded from the analysis or treated as a separate stage
category(rather than grouped with Rai stage I-II CLL) with physician disease-specific
expertise remaining an independent predictor of TTFT and OS in all models(all p≤0.014).
TTFT for all patients was also shorter for patients cared for by a non-CLL hematologists
(5.2 vs. 9.2 years; p<0.001).

DISCUSSION
Our study is unique in that it evaluates clinical outcome based on physician’s disease
specific expertise in a large cohort of newly diagnosed (≤1 year) patients with a single type
of lymphoid malignancy all cared for at the same medical center where treating
hematologists/oncologists had identical access to clinical trials, technology, supportive care,
and multidisciplinary consultation. Several findings of the study are notable. First, although
all treating/supervising physicians were board certified hematologists/oncologists,
significant differences in clinical management and disease outcome were observed based on
physician’s disease-specific expertise. Earlier stage (Rai 0-I) patients cared for by a disease-
specific expert had a longer TTFT, received different types of therapy when treatment was
initiated, and were markedly more likely to participate in a clinical trial. Second, patients
cared for by physicians with disease-specific expertise also had longer OS, a finding that
persisted on multivariate analysis controlling for other prognostic factors. This finding
suggests that the expertise of the physician caring for the patient with CLL/SLL is an
independent prognostic variable. Third, the clinical outcomes of patients cared for by
hematology fellows at our center differed according to the disease-specific expertise of the
supervising physician; a powerful internal validation of the importance of disease-specific
expertise. The patients cared for by fellows were being cared for by the same physicians
(e.g. each fellow can care for multiple CLL patients) however patient management and
outcome differed based on the expertise of the physician supervising/advising the fellow.

Although we are unable to definitively identify the reasons for a difference in OS based on
physician’s disease-specific expertise in this observational study, a number of possible
explanations are apparent. First, a longer TTFT was observed for earlier stage patients when
cared for by a CLL physician. Similar observations were reported by Tsimberidou and
colleagues for CLL/SLL patients cared for at the M.D. Anderson Cancer Center.38 This
finding persisted for both Rai stage 0 or Rai stage 1 patients when analyzed independently
and may reflect different application of the NCI Working Group criteria among CLL experts
and non-experts, particularly regarding what constitutes “massive/progressive
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lymphadenopathy” and/or whether physicians treat for a progressive lymphocytosis. Early
treatment exposes patients to the toxic effects of therapy which places them at risk for a
variety of treatment related complications including infection, second malignancy, and
myelodysplasia, and may also induce clonal selection that renders their leukemia more
resistant to future treatment. Second, when patients received therapy, the type of treatment
they received differed based on the disease-specific expertise of their physician with CLL
hematologists more likely to use purine nucleoside analog regimens. Although in early
follow-up Phase III trials suggested no difference in survival based on whether patients
received purine analogs as compared to alkylating agent based regimens39–41, recently
updated results suggest a survival advantage to patients receiving first-line purine analog
based therapy.42 Third, CLL experts may be more likely to administer salvage
therapy(including multiple salvage attempts) for patients with progressive disease. Fourth,
CLL experts may recognize disease-specific complications(e.g. CMV reactivation, ITP,
AIHA) earlier and provide better management of these complications.

While it is obviously ideal for patients to be cared for by the physician with the greatest
knowledge and experience relevant to their condition, this is often not possible or practical.
Although some have suggested regionalization of cancer care to centers of excellence for
patients with specific malignancies,25 this controversial topic is not the focus of our paper.
Our results do suggest, however, that wherever they are seen, patients should ideally be
cared for by the hematologist/oncologist in their community with the greatest disease-
specific expertise. Consistent with this approach, many large community oncology practices
encourage oncologists to develop a disease-specific expertise similar to the long-standing
pattern at academic centers. Collaborative management between a local hematologist/
oncologist and CLL expert may also be a good model as the data on patients cared for by
fellows at our center suggest it is not necessary patients be managed directly by a disease
expert provided the expert can provide counsel to the treating physician. In this regard, the
physician charge for a second opinion by a disease expert is a relatively low cost
intervention(~$600), roughly 1% of the average wholesale price of 6 cycles of first-line CLL
therapy.43 When a disease specific expert is not available, patients should be managed
according to published treatment guidelines developed by expert panels.

Our study is subject to a number of limitations. First, the study was restricted to patients
with CLL/SLL, and our results are not necessarily applicable to patients with other
malignancies. Although some aspects of CLL management are different than most other
cancers(e.g. observation for asymptomatic early stage patients), we doubt the importance of
physician disease specific expertise is unique to CLL. Second, although the survival
differences we observed persisted on multivariate analysis controlling for age, stage, sex,
and ALC, other unmeasured confounding variables could exist. For example, we could not
control for differences in biologic prognostic variables(e.g. ZAP70 expression, IGHV gene
mutation status, genetic defects detected by FISH) since many patients did not have these
tests performed, they were markedly less likely to be performed by non-CLL hematologists,
and they were not missing at random among patients seen by non -CLL hematologists.
These tests were not used to make treatment decisions during the study interval and, since
they were not considered in patient scheduling, it is believed they were evenly distributed
among patients cared for by CLL and non-CLL hematologists. Third, we classified
treatment provider at the time of diagnosis/initial consultation and at initiation of first
therapy which are two of the most objectively defined time-points in the CLL disease course
but which cannot completely account for complex patterns of shifting care and referrals. We
attempted to minimize the influence of any referral bias by limiting the analysis to patients
seen within 1 year of diagnosis. Fourth, we used physician’s primary disease group to
designate disease-specific expertise, an imperfect classification since some physicians
outside the disease group cultivate expertise. Nonetheless, this would bias toward a negative
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rather than positive result. Finally, although patient assignment to a CLL or non-CLL
physician during the study was generally random(e.g. made by appointment secretaries
based on schedule availability), the study represents a retrospective series rather than a
prospective, controlled trial.

In conclusion, hematologist/oncologist disease-specific expertise appears to influence the
survival of patients with CLL/SLL even when seen in the setting of an academic center. In
the era of physician cost profiling and pay for performance oriented health care reform,9

care by a disease specific expert appears to provide value to patients. To the greatest extent
possible, patients should be seen by a board certified hematologist/oncologist expert in the
care of their specific malignancy. When this is not possible, practice guidelines developed
by disease-specific experts should be followed.
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Figure 1.
TTFT and Survival of Intermediate Risk CLL (Rai stage I-II) as Compared to SLL patients
without cytopenia
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Figure 2.
TTFT and OS Among Rai Stage 0-I Patients
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Figure 3.
Survival All Patients
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Table 1

Patient Characteristics

Non-CLL MD
(n=536)

CLL MD
(n=773)

P-value

Median Age at Diagnosis (range) 66.3 (38–95) 63.2 (28–97) <0.001

Male 347 (62%) 513 (66%) 0.54

Rai Risk at diagnosis

Low (Rai stage 0) 242 (46%) 457 (59%) <0.001

Intermediate (Rai stage I–II) 267 (50%) 286 (37%)

High (Rai stage III–IV) 23 (4%) 26 (3%)

Missing 4 4

ALC (× 109/L), median 7.1 9.8

≤30 451 (93%) 634 (86%) <0.001

>30 36 (7%) 104 (14%)

Missing 49 35

Proximity Patient Residence to Mayo Clinic

<120 miles (e.g. 2 hour drive) 238 (45%) 361 (48%) 0.29

<300 miles (e.g. 5 hour drive) 401 (76%) 570 (76%) 0.98

Missing 8 22

Received stem cell transplant during course* 6 (1.1%) 8 (1.0%) 1.0

*
in total 14/1309 patients (1.1%) received stem cell transplant (11 allogenic; 3 autologous)
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Table 2

Multivariate Model of Time to First Treatment and Overall Survival from Diagnosis Among Patients with Rai
Stage 0-I Disease

TIME TO FIRST TREATMENT

Variable Hazard ratio4 95% C.I. p-value

Age1 1.00 (0.99, 1.02) 0.72

Sex (male vs female) 1.56 (1.11, 2.18) 0.01

ALC2 1.016 (1.012, 1.021) <0.001

Rai Stage 1 vs 0 2.85 (2.10, 3.86) <0.001

Fellow (Fellow vs MD) 3 0.94 (0.64, 1.39) 0.75

MD (non-CLL vs CLL) 2.38 (1.74, 3.26) <0.001

OVERALL SURVIVAL

Variable Hazard ratio4 95% C.I. p-value

Age1 1.07 (1.05, 1.09) <0.001

Sex (male vs female) 1.39 (0.97, 1.98) 0.07

ALC2 1.011 (1.006, 1.017) <0.001

Rai Stage 1 vs 0 1.57 (1.13, 2.19) 0.007

Fellow (Fellow vs MD) 3 0.98 (0.64, 1.50) 0.94

MD (non-CLL vs CLL) 1.49 (1.08, 2.04) 0.01

1
Hazard ratio for each 1 year older

2
Hazard ratio for each 1 × 109/L increase in ALC

3
Fellow versus staff hematologist

4
HR>1 indicate a shorter TTFT or overall survival
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Table 3

Multivariate Model Overall Survival from Diagnosis All Patients

OVERALL SURVIVAL

Variable Hazard ratio4 95% C.I. p-value

Age1 1.07 (1.06, 1.09) <0.001

Sex (male vs female) 1.66 (1.20, 2.29) 0.002

ALC2 1.002 (0.999, 1.005) 0.12

Rai Stage 3/4 vs 0 3.66 (2.28, 5.87) <0.001

Rai Stage 1/2 vs 0 1.61 (1.18, 2.18) 0.002

Fellow (Fellow vs MD) 3 1.19 (0.83, 1.70) 0.34

MD(non-CLL vs CLL) 1.36 (1.02, 1.81) 0.04

1
Hazard ratio for each 1 year older

2
Hazard ratio for each 1 × 109/L increase in ALC

3
Fellow versus staff hematologist

4
HR>1 indicate a shorter overall survival
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