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Results: The most common care pathway concerned referral from the general
practitioner to SHU, n = 459(44%). The univariate analysis observed a downward
trend for the most deprived patients. Patients who consulted in SHU were younger
(66years vs. 83, p<0.001), and 92% had access to cytogenetic analysis (vs. 54%,
p<0.001). They also had less poor prognosis AML-subtypes (AML-MRC, t-AML/
MDS and AML-NOS) (38% vs. 69%); 77% with de novo AML (vs. 67%, p <0.003)],
more favourable cytogenetic prognostic status (23% vs. 6%, p < 0.001), less comor-
bidities (no comorbidity = 55% vs. 34%, p <0.001) and treatments proposed were
curative 68% (vs. 5.3%, p<0.001). Factors limiting access to SHU were age over
80years (OR, 0.14; 95% CI, 0.04-0.38), severe comorbidities (OR, 0.39; 95% ClI,
0.21-0.69), emergency unit referral (OR, 0.28; 95% CI, 0.18-0.44) and non-SHU
referral (OR, 0.12; 95% CI, 0.07-0.18). Consultation in an academic hospital in-
creased access to SHU by 8.87 times (95% CI, 5.64-14.2).

Conclusion: The high proportion of access to cytogenetic testing and curative
treatment among patients admitted to SHU, and the importance of early treat-
ment in AML underlines the importance of access to SHU for both diagnosis and

treatment.

KEYWORDS

1 | INTRODUCTION

Acute Myeloblastic Leukaemia (AML), although a rare
disease of the elderly, accounts for 80% of acute leu-
kaemia in adults.! With a 5-year net survival of 27%,
AML has a very poor pmgnosis,2 except for patients
with a t(15;17) translocation who benefit from a specific
treatment.’

Over the last few decades, cytogenetic and molecular
profiling tools for AML have significantly improved*>
our understanding of the AML molecular landscape
which in turn has allowed improved classification of
AML. These advances have also facilitated the devel-
opment of new molecules targeting specific mutations
such as those targeting the FLT3 or IDH genes respec-
tively.>” These advances have also contributed to im-
proved stratification of AML patients into prognostic
groups that allow to better adapt treatments and to
treat a higher number of patients.*'° Despite this, the
therapeutic management scheme, particularly in the
general population, remains similar for most subtypes
and is based on a combination of anthracycline and
(:ytarabine,11 except for AML subtypes with t(15;17).12
However, a slight increase in net survival has been ob-
served in AML patients (+14% net survival at 1 year,
and +15% net survival at Syears, for cases diagnosed
between 1990-2015), but these patterns differ among

acute myeloblastic leukaemia, care pathways, logistic regression, population-based data,
specialised haematology unit access

patients, notably according to age.” These differences
could be explained by biological factors intrinsic to the
disease and to patient clinical characteristics such as the
presence of comorbidities which have an influence on
patient eligibility for treatment.®

Differences in survival have also been attributed, at
least in part, to unequal access to curative treatments,
which in turn is potentially influenced by preventable,
non-biological factors associated with patient care path-
ways.'*"!® As these treatments are mostly reserved to spe-
cialised care facilities, it is important to investigate the
impact of the care pathway on treatment access and on
patient survival. However, there are few data available
in the literature on the AML patient care pathway.'®’
A recent study has concluded that patients treated in
academic institutions or high-volume hospitals were
better managed than those treated elsewhere.'® It was
also found that patients treated in academic hospitals
had better access to cytogenetic and molecular testing,
to new drugs, a more likely inclusion in clinical trials
and a greater probability of receiving a haematopoietic
stem cell transplant. None of these studies, however,
has assessed the real impact of access to a Specialised
Haematology Unit (SHU) on the management of AML
patients and potentially their survival, since widely
available clinical trials do not optimally describe real-
life care.
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Our study, which is part of the large French S-LAM
(Survival of Acute Myeloblastic Leukaemia patient)
project on the management of all AML patients, aimed
to describe, in a real-life setting, the characteristics of
the AML patient care pathway, including access to spe-
cialised care facilities in haematology and treatment
management.

2 | METHODS

2.1 | Study design

The S-LAM (Survival of Acute Myeloblastic Leukaemia)
project is a retrospective longitudinal study including all
incident AML cases diagnosed from 01 January 2012 to
31 December 2016 in the three French population-based
registries specialised in haematological malignancy (Cote-
d'Or, Basse-Normandie and Gironde; around 3,625,400 in-
habitants). For each patient, in addition to the core data
(age, sex, place of residence, medical history, type of hae-
matological cancer, medical follow-up, treatment, sources
of information, last date of follow-up and vital status), we
collected information on biological and molecular analy-
ses, dates of occurrence of each event in the care pathway,
including the various medical consultations and associ-
ated dates, and patient clinical evolution. The end point
of patient follow-up was set at 1 January 2021. The S-LAM
database was registered with the Commission Nationale
de I'Informatique et des Libertés (CNIL) under number
921294. All data have been checked for integrity and
quality.

2.2 | Factors of interest

2.2.1 | Care pathway
We first defined seven care pathways (Emergency
to SHU; Emergency to Non-haematological unit;
General Medicine to SHU; General Medicine to Non-
haematological unit; Specialised medical unit to SHU;
Specialised medical unit to Non-haematological unit
and SHU only), by grouping patients according to
their medical unit of admission and their diagnosis
unit (Emergency, General medicine, Specialised medi-
cal unit and Specialised Haematology Unit). Then, for
each of these groups, we distinguished between patients
who completed their care pathway in a SHU from those
who completed their follow-up elsewhere (Appendix S1
- Table 5).

We classified as academic facilities, the university hos-
pitals and anti-cancer centres. Non-academic hospitals
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included peripheral hospitals, private health institutions
of collective utility and medical practice offices.

2.2.2 | Tumours and patient characteristics
To describe our study population, we divided the patients
into two groups, according to age at diagnosis: under and
over 80years old (y-0) respectively, assuming that patients
over 80years of age are less likely to be treated.

Finally, we described patient characteristics according
to the modalities of their access to haematological care fa-
cilities. For each modality, we report the distribution of cy-
togenetic and biomolecular prognostic markers, de novo
or secondary AML profile, the Charlson Comorbidity
Index (CCI) and the European Deprivation Index (EDI)."
We used the CCI as an indicator of patient comorbidities,
while subtracting the weight of age in the calculation.*
Then, we grouped the CCI variable into three classes (0:
No comorbidities, 1-2: low and mild comorbidities; >3:
high comorbidities). Also, to be consistent with the study
recruitment period, the European Leukaemia Network
(ELN) 2016 working group classification was used to
classify patient prognosis according to their cytogenetic
status and molecular mutations.”’ Based on treatment
modalities, patients were grouped into three categories:
untreated, non-curative (supportive and palliative) and
curative treatments (intensive chemotherapy).

2.2.3 | AML grouping

AML cases were categorised into six subtypes: AML-
RCA (AML with recurrent cytogenetics abnormali-
ties (9865-3, 9869-3, 9871-3, 9896-3, 9897-3, 9898-3,
9877-3); PML-RARA (9866-3); AML-MRC (AML with
multilineage-related changes: 9895-3, 9984-3); t-AML/
MDS (therapy-related AML/Myelodysplasia Syndrome:
9920-3, 9987-3); AML-NOS (AML not otherwise specified:
(9861-3) and AML-others (9931-3, 9805-3, 9806-3, 9808-
3, 9809-3, 9807-3, 9872-3, 9873-3, 9874-3, 9867-3, 9891-3,
9840-3, 9910-3, 9870-3, 9931-3, 9930-3).

2.3 | Statistical analysis

We used the Chi2/Fisher test to compare categorical
variables and the Wilcoxon rank sum test for continuous
variables according to patient accessibility to a special-
ised haematology unit. We then constructed a multivari-
ate logistic regression model to determine the association
between different covariables and access to a specialised
haematology unit. For this modelling, we used a backward
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selection method to successively remove the variables
whose significance was greater than 20%. We use Akaike
Information Criterion (AIC) to choose the best fitted
model. We systematically included the gender variable in
the models even if it was not significant. For modelling
purposes, we chose to exclude patients over 80 y-o who
died within the first 5days after diagnostic and younger
patients who died on the same day of diagnosis, assuming
that these patients died due to their age or comorbidities
before they had time to be referred to specialised haema-
tology unit.

3 | RESULTS

3.1 | Patients characteristics according
to their accessibility to specialised
haematology unit

Of the 1039 incident AML cases, there were 529 men (51%)
and 510 women (49%) with a median age of 73 years. There
were 46% from Basse-Normandie, 40% from Gironde and
14% from Cote d'Or (no statistical differences in AML sub-
types were seen across diagnostic departments, result not
shown). A total of 713 patients (69%) consulted in a SHU
during their disease course and 326 patients (32%) did not
(Table 1).

Concerning the care pathway, the first medical con-
tact was the general practitioner in 63% of cases (n = 650)
with 71% (459/650) of access to a specialised haematology
unit (the most frequently used care pathway). Similarly,
15% of patients started in an emergency unit (62% or
96/155 referred to the specialised haematology unit), 15%
in a specialised medical unit (53% or 81/154 of referred
to SHU) and 5% started directly in SHU (2% of missing
data) (Table 1/Figure 1). An age difference was observed
in the patients accessing a specialised haematology unit
(Figure 2). During their care management, 86% of pa-
tients under 80 y-o had access to SHU compared to 38%
of older patients with either AML diagnosis or treatment
decision (Figure 2). More specifically, AML was diagnosed
by a trained haematologist in 52% of patients under 80 y-o
compared to 25% in those over 80 y-o. Similarly, 74% of
patients under 80 y-o were treated in a SHU, compared
to 24% of patients over 80 y-o (Appendix S1 - Table 3/
Figure 2).

Patients who consulted in a SHU were younger (me-
dian age 66 vs. 83 y-0), 90% of them went to an academic
hospital (vs. 38% to a non-academic hospital), but there
was no statistical difference according to patient socio-
economic status (EDI quintile). Similarly, among patients
who consulted in a SHU, 92% had access to cytogenetic
testing (vs. 54% for those consulting outside a SHU); the

proportion of AML-MRC, t-AML/MDS and AML-NOS
subtypes were less represented and 77% had de novo AML
(vs. 67%). Patients admitted to SHU had more a favour-
able initial cytogenetic prognostic status (23% vs. 6%),
less comorbidities (54% with no comorbidity vs. 32%) and
more frequently received curative treatment 68% (vs. 5%).
Additionally, 14 (11%) of the over-80 y-o patients who con-
sulted a trained haematologist received curative treatment
(vs.<1% over 80 y-o who did not see a trained haematolo-
gist) (see details in the Appendix S1 - Table 3). Among pa-
tients who consulted in a SHU, 58% (n = 368) received one
line of chemotherapy (vs. 88%, n = 114 of non-SHU pa-
tients), 27% (n = 172) received two lines of chemotherapy
(vs. 11%, n = 14 of non-SHU patients) and 12% (n = 91)
received more than two lines of chemotherapy (vs. 0.8%,
n =1 of non-SHU patients). Among patients who received
curative treatment, the first-line complete remission rate
was 59% for patients who consulted in a SHU (vs. 4.2%,
p = 0.001). Patients admitted to a SHU had greater access
to associated treatment related to chemotherapy 68% (vs.
32%, n = 103). Access to haematopoietic stem cell trans-
plantation (HSCT) and minimal residual disease (MRD)
was reserved strictly for patients treated in SHU. Similarly,
immunotherapy, radiotherapy and inclusion in clinical
trials were almost exclusively seen among patients who
had consulted a trained haematologist (Table 1).

3.2 | Factors associated with access to
specialised haematology units

In the univariate model, factors limiting access to the SHU
were being in the age group above 50years old, emergency
referral (OR, 0.77; 95% CI, 0.58-1.01), specialised medical
referral (OR, 0.11, 95% CI, 0.08-0.15), patients with low-
mild (OR, 0.52; 95% CI, 0.38-0.71) or severe (OR, 0.27,
95% CI, 0.19-0.40) comorbidities. Similarly, other factors
such as being diagnosed with AML-MRC (OR, 0.09; 95%
CI, 0.02-0.27), t-AML (OR, 0.08, 95% CI, 0.02-0.21), AML-
NOS (OR, 0.04, 95% CI, 0.01-0.11), AML-others (OR, 0.18;
CI, 0.04-0.50) or an intermediate (OR, 0.20; 95% CI, 0.09-
0.39), adverse cytogenetic prognosis (OR, 0.20; 95% CI,
0.09-0.41) were also factors limiting access to SHU. In ad-
dition, based on EDI quintiles, patients with lower socio-
economic status had less access to SHUs compared to the
higher income group (Table 2).

After adjustment, factors limiting access to a SHU
were aged over 80years old (ORa, 0.14; 95% CI, 0.04-0.38),
emergency referral (ORa, 0.28; 95% CI, 0.18-0.44), or spe-
cialised unit referral (ORa, 0.12; 95% CI, 0.07-0.18). Also,
patients with severe comorbidities (ORa, 0.39; 95% CI,
0.21-0.69) and patients with subtypes t-AML/MDS (ORa,
0.13; 95% CI, 0.02-0.62), AML-NOS (ORa, 0.10; 95% CI,
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TABLE 1 Characteristics of patients according to their access to specialised haematology unit during their care pathway.

Haematological consultation

Characteristic Overall, N = 1039* Yes, N = 713* No, N = 326 p-value®
Sex 0.095
Men 529 (51%) 376 (53%) 153 (47%)
Women 510 (49%) 337 (47%) 173 (53%)
Median age at diagnosis 73 (59, 82) 66 (53, 77) 83 (77, 88) <0.001
Diagnostic department 0.8
Basse-Normandie 478 (46%) 332 (47%) 146 (45%)
Cote-d'Or 147 (14%) 101 (14%) 46 (14%)
Gironde 414 (40%) 280 (39%) 134 (41%)
Type of hospital consulted <0.001
Non-academic hospital 274 (26%) 71 (10.0%) 203 (62%)
Academic hospital 765 (74%) 642 (90%) 123 (38%)
Medical entry unit <0.001
Emergency 155 (15%) 96 (13%) 59 (18%)
General medicine 650 (63%) 459 (64%) 191 (59%)
Haematology unit 59 (5.7%) 59 (8.3%) 0 (0%)
Specialised medical unit 154 (15%) 81 (11%) 73 (22%)
Undetermined 21 (2.0%) 18 (2.5%) 3(0.9%)
EDI quintile 0.14
1 159 (16%) 111 (16%) 48 (15%)
2 174 (17%) 131 (19%) 43 (13%)
3 224 (22%) 155 (22%) 69 (21%)
4 278 (27%) 187 (27%) 91 (28%)
5 190 (19%) 120 (17%) 70 (22%)
Unknown 14 9 5
Charlson comorbidity index <0.001
No comorbidities 489 (48%) 384 (55%) 105 (34%)
Low-mild comorbidities 360 (35%) 235 (33%) 125 (40%)
Severe comorbidities 167 (16%) 85 (12%) 82 (26%)
Unknown 23 9 14
Karyotype/FISH <0.001
Karyotype/FISH not done 196 (19%) 52(7.3%) 144 (45%)
Karyotype/FISH performed 832 (81%) 656 (93%) 176 (55%)
Unknown 11 5 6
AML subtype's <0.001
AML-RCA 63 (6.1%) 60 (8.4%) 3(0.9%)
PML-RARA 48 (4.6%) 46 (6.5%) 2(0.6%)
AML-MRC 121 (12%) 79 (11%) 42 (13%)
Therapy-related AML/MDS 251 (24%) 150 (21%) 101 (31%)
AML-NOS 129 (12%) 48 (6.7%) 81 (25%)
AML others 427 (41%) 330 (46%) 97 (30%)
AML secondary profile 0.005
de novo AML 765 (74%) 546 (77%) 219 (67%)
t-MDS 149 (14%) 87 (12%) 62 (19%)
(Continues)
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TABLE 1 (Continued)

Characteristic
t-AML
Initial cytogenetic prognostic staging
Favourable
Intermediate
Adverse
Missing (Karyotype/FISH not done)
Initial treatment modalities
Untreated patients
Non-curative treatment
Curative treatment
Unknown
Number of chemotherapy lines
0
1 line
2 lines
>2lines
Unknown

Cytological response to first line
chemotherapy

Failure
Partial response/Stable disease
Complete remission
Unknown
Chemotherapy + HSCT
Chemotherapy +HSCT
Chemotherapy only
Untreated
Unknown
Associated treatment
No
Yes
Treated with immunotherapy
No immunotherapy
Immunotherapy
Treated with radiotherapy
No
Yes
Inclusion in clinical trial
No
Yes
Unknown
MRD evaluation
No
Yes

NA (untreated/Non-curative
treatment)

ATSOU ET AL.

Haematological consultation
Overall, N = 1039* Yes, N = 713* No, N = 326* p-value®
125 (12%) 80 (11%) 45 (14%)

<0.001
155 (15%) 145 (20%) 10 (3.1%)
422 (41%) 319 (45%) 103 (32%)
228 (22%) 174 (24%) 54 (17%)
234 (23%) 75 (11%) 159 (49%)

<0.001
114 (11%) 35 (4.9%) 79 (25%)
420 (41%) 194 (27%) 226 (70%)
499 (48%) 482 (68%) 17 (5.3%)
6 2 4

<0.001
1(1%) 0(0%) 1(0.8%)
482 (63%) 368 (58%) 114 (88%)
186 (24%) 172 (27%) 14 (11%)
91 (12%) 90 (14%) 1(0.8%)
279 83 196

<0.001
228 (34%) 155 (27%) 73 (77%)
96 (14%) 78 (14%) 18 (19%)
345 (52%) 341 (59%) 4(4.2%)
370 139 231

<0.001
184 (18%) 184 (26%) 0 (0%)
463 (45%) 399 (56%) 64 (20%)
386 (37%) 128 (18%) 258 (80%)
6 2 4

<0.001
448 (43%) 225 (32%) 223 (68%)
591 (57%) 488 (68%) 103 (32%)

<0.001
950 (91%) 627 (88%) 323 (99%)
89 (8.6%) 86 (12%) 3(0.9%)

<0.001
1013 (97%) 687 (96%) 326 (100%)
26 (2.5%) 26 (3.6%) 0 (0%)

<0.001
570 (75%) 438 (70%) 132 (99%)
193 (25%) 192 (30%) 1(0.8%)
276 83 193

<0.001
336 (32%) 319 (45%) 17 (5.2%)
164 (16%) 164 (23%) 0 (0%)
539 (52%) 230 (32%) 309 (95%)
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Open Access

Haematological consultation

Characteristic Overall, N = 1039*

Vital status at 1 year

Alive at 1 year 481 (46%)

Died at 1 year 551 (53%)

Lost to follow-up at 1 year 7(1%)
Vital status at Syears

Alive at Syears 139 (13%)

Died at Syears 760 (73%)

Lost to follow-up at 5years 140 (14%)

*n (%); Median (IQR).

Yes, N = 713* No, N = 326* p-value®
<0.001
421 (59%) 60 (18%)
290 (40.7%) 261 (80%)
2(0.3%) 5(2%)
<0.001
133 (19%) 6 (1.8%)
455 (64%) 305 (94%)
125 (18%) 15 (4.6%)

YFisher's Exact Test for Count Data; Wilcoxon rank sum test; Fisher's Exact Test for Count Data with simulated p-value (based on 2000 replicates).

Entry unit Diagnostic unit

pecialized medical unit, n=154(15% l

A

General medicine, n= 650 (63%

wpy -

Emergency, n=155(15%

ed in Haematology, n=447(43%

e —

Diagnosed elsewhere, n=592(57 % .

Treatment unit Haematological unit

Treated in Haematology, n=600(58%

Yes, n=713 (69 %

I Treated elsewhere, n=137(13% '

J No, n=326 (31 %

Not treated, n=302(29%

FIGURE 1 AML patient care pathways describing units for initial consultation, diagnosis and treatment.

0.01-0.51) or AML-others (ORa, 0.15; 95% CI, 0.02-0.70)
were less likely to be sent to a SHU. However, being ad-
mitted to an academic hospital increased referral to SHU
consultation by 8.87 times (Table 2).

4 | DISCUSSION

Our population-based study has investigated the impact
of non-biological factors on AML patient care pathways
including those that could directly and/or indirectly in-
fluence treatment management. An added strength of our
study is that, the former analysis was performed along-
side an assessment of the impact of known prognostic
parameters, including AML subtype and cytogenetic risk

group. By using this combined approach, we were able to
demonstrate the importance of consulting in a specialised
haematology unit during the care pathway. This seems to
have an impact on access to the best diagnostic tools and
curative treatments, which in turn are well described in
the literature as factors improving the overall survival of
AML patients.B’22

Several studies have investigated the impact of treat-
ment facility type upon survival in AML, without eval-
uating the impact of access to specialised haematology
units.'®'® The present work shows that this should be
taken into consideration since patients who are man-
aged in academic hospitals have 8.87 times more access
to specialised haematology unit (Figure 1). Access to a
specialised haematology unit does not seem to be related
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Less than 80 years .
Entry unit

Undetermined, n=17(2%) [*==

Specialized medical unit, n=94(14%) ‘V__

Haematology, n=48(7%) - Diagnosed in Haematology, n=360(52%)]
T .
_.. =

Diagnostic unit

General medicine, n=430(62%

Emergency, n=106(15%))

More than 80 years

Specialized medical unit, n=60(17%) y—4 -
gnosed in Haematology. n=87(25%
Haematology, n=11(4%) 8 )

General medicine. n=220(64% [Diagnosed elsewhere, n=257(75%

Emergency, n=49(14%

Treatment unit Haematological unit

Treated in Haematology, n=519(75%
: (Yes, n=584 (84%

No, n=111 (16%]

Yes, n=129 (38%;

No, n=215 (62%]

[Not treated, n=193(56%

FIGURE 2 Patients care pathways according to first medical unit, diagnosis and treatment unit by age group.

to patient socio-economic status but rather to biological
or clinical factors and potentially, to the accessibility of
specialised AML treatment facilities in the patient geo-
graphical area of residence. However, a trend for the most
deprived patients to have less access to a specialised hae-
matology unit was observed in the univariate analysis, al-
though this was not confirmed in the multivariate model.
In the absence of individual measures of deprivation, the
ecological measure (EDI quintile) reflects both the con-
textual and individual deprivation of the patient, and as
such, does not fully represent the patient's socio-economic
status.

During the period up to formal diagnosis of AML, pa-
tients may consult several clinical units and undergo var-
ious additional examinations, leading to rather diverse
care pathways. Several factors, including clinical symp-
toms, age, patient geographical location, and other socio-
economic factors influence this."> Our data show that
advanced age remains a limitation for access to the spe-
cialised haematology unit, as observed in patients with the
AML-NOS subtype (median age = 84 vs. 73 years on aver-
age; 37% access to the SHU vs. 69% on average; OR = 0.10,
95% CI, 0.01-0.51). Lack of referral of these older patients
to a specialised haematology unit resulted in less access
to cytogenetic analysis (39% vs. 80% on average) thus po-
tentially explaining their low access to curative treatment
(18% vs. 48% on average per subtype, result not shown).
Overall, this may negatively impact survival in this patient
group. This is problematic because the incidence of AML
continues to increase in this age group since 1990."

More generally, our work highlights the impact of the
AML care pathway on access to cytogenetic testing, an es-
sential examination for accurate AML diagnosis and prog-
nostic classification, according to ELN guidelines. Indeed,
45% of patients not referred to a specialised haematology

unit did not receive cytogenetic testing (vs. 7.3% among
SHU patients). Furthermore, of those AML patients who
did not have access to cytogenetic testing, 91% were diag-
nosed with poor prognosis AML subtypes (n = 196) (57%
AML-NOS, 22% T-AML, and 12% Other-AML). It is prob-
able that cytogenetics would allowed re-classification of
at least some of these cases to other AML subtypes. For
these patients, it is possible that the lack of transfer to a
specialised haematology unit, the limitation in diagnostic
investigations, and / or the lack of intensive therapy de-
rives from a perceived limited benefit of these strategies
on quality of life and vital prognosis. However, a possible
treatment could be claimed, if the investigations had been
completed.

The same reasoning can be applied to the patients with
severe comorbidities and who were potentially monitored
elsewhere for a previous pathology. Indeed, severe co-
morbidities when combined with adverse cytogenetics in
some AML subtypes can negatively impact patient access
to a specialised haematology unit, for the presumed lim-
ited benefit this might bring.*2

Quite strikingly, we found that 74% (203/274) of AML
patients who consulted at non-academic hospitals, were
subsequently managed in a non-haematology unit. This
may simply reflect the absence of SHU in non-academic
hospitals. Similarly, it is possible that these patients died
before they could be transferred to a hospital with a spe-
cialised haematology unit (death represents a competitive
event for access to SHU, for which we have minimised the
impact in the logistic modelling). By contrast, admission to
an academic-hospital would favour access to a specialised
haematology unit (ORa = 8.87), and thus optimal AML di-
agnosis and prognostic stratification with consequent in-
creased probability of receiving curative treatment. Such
treatment decisions by expert haematologists are further
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TABLE 2 Regression models of factors influencing access to specialised haematology unit.

Multivariate model

Descriptive analysis Univariate model AIC = 664.3
Overall, No, Yes,
Characteristic N=1010° N=298 N=712> OR® 95%CI° p-value OR® 95%CI® p-value
Sex 0.11 >0.9
Men 517 (100%) 141 (27%) 376 (73%) — — — —
‘Women 493 (100%) 157 (32%) 336 (68%) 0.80 0.61, 1.05 1.00 0.66, 1.51 >0.9
Age in class <0.001 <0.001
[0,50) 147 (100%) 4 (2.7%) 143 (97%) — — — —
[50,65) 199 (100%) 17 (8.5%) 182 (91%) 0.30 0.08, 0.83 0.65 0.17,2.03 0.5
[65,80) 347 (100%) 89 (26%) 258 (74%) 0.08  0.02,0.20 041  0.11,1.15 0.12
[80,101] 317 (100%)  188(59%) 129(41%) 0.02  0.01,0.05 0.14  0.04,038  <0.001
Diagnostic department 0.96
Basse-Normandie 467 (100%) 136 (29%) 331 (71%) — — — —
Cote-d'Or 143 (100%) 42 (29%) 101 (71%)  0.99  0.66,1.50
Gironde 400 (100%)  120(30%) 280 (70%) 0.96  0.72,1.29
EDI quintile 0.15
1 155 (100%) 44 (28%) 111 (72%) — — = —
2 169 (100%) 39 (23%) 130(77%) 1.32  0.80,2.18
3 218 (100%) 63 (29%) 155(71%)  0.98  0.62,1.54
4 268 (100%) 81 (30%) 187 (70%)  0.92  0.59,1.41
5 186 (100%) 66 (35%) 120(65%) 0.72  0.45,1.14
Unknown 14 5 9
Treatment facility type <0.001 <0.001
Non-academic 261 (100%) 190 (73%) 71 (27%) — — — —
hospital
Academic hospital 749 (100%) 108 (14%) 641 (86%) 15.9 11.4,22.5 8.87 5.64,14.2 <0.001
Emergency consultation 0.058 <0.001
No 605 (100%) 165 (27%) 440 (73%) — = — =
Yes 405 (100%) 133 (33%) 272 (67%) 0.77 0.58,1.01 0.28 0.18, 0.44 <0.001
Specialised unit <0.001 <0.001
consultation
No 565 (100%) 63 (11%) 502 (89%) — — — —
Yes 445(100%)  235(53%)  210(47%) 011  0.08,0.15 012  0.07,018  <0.001
General medicine 0.065 0.4
consultation
No 363 (100%) 120 (33%) 243 (67%) — — = —
Yes 647 (100%) 178 (28%) 469 (72%) 1.30  0.98,1.72 0.82  0.53,1.26 0.4
Charlson comorbidity <0.001 0.005
index
No comorbidities 479 (100%) 96 (20%) 383 (80%) — — — —
Low-mild 349 (100%)  114(33%)  235(67%) 052  0.38,0.71 0.80  0.50,1.28 0.3
comorbidities
Severe comorbidities 163 (100%) 78 (48%) 85 (52%) 027  0.19,0.40 039  0.21,0.69 0.001
Unknown 19 10 9

(Continues)
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TABLE 2 (Continued)

Descriptive analysis

Multivariate model

Univariate model AIC = 664.3

Overall, No, Yes,
Characteristic N=1010° N=298 N=712%
AML sub-type
AML-RCA 63 (100%) 3 (4.8%) 60 (95%)
PML-RARA 48 (100%) 2 (4.2%) 46 (96%)
AML-MRC 121 (100%) 42 (35%) 79 (65%)
Therapy-related 249 (100%) 99 (40%) 150 (60%)
AML/MDS
AML-NOS 108 (100%)  61(56%) 47 (44%)
AML others 421(100%) 91 (22%) 330 (78%)
Cytogenetic initial
prognosis
Favourable 154 (100%) 9(5.8%) 145 (94%)
Intermediate 418 (100%) 99 (24%) 319 (76%)
Adverse 227 (100%) 53 (23%) 174 (77%)
Missing (Karyotype/ 211 (100%) 137 (65%) 74 (35%)
FISH not done)

Note: AIC = 664.
n (%).
OR = 0dds Ratio; CI = Confidence Interval.

supported by access to expert facilities for management of
adverse events in academic centres.'” It should be noted
that specialised haematology unit, tend to admit the better
prognosis AML patients.16

More importantly, haematopoietic stem cell transplan-
tation, immunotherapy, radiotherapy, MRD evaluation
and access to clinical trials were strictly reserved for pa-
tients who were seen by a trained haematologist. Given
the positive impact of transplantation on the survival of
AML patients,” and the innovative therapies proposed
in clinical trials,”®*’ working to improve patient access to
specialised haematology unit will be essential to improve
AML patient survival in the general population.

Finally, based on patient clinical characteristics, we
split patients into eligible (age <75years without severe co-
morbidities) and non-eligible for treatment (over 75years
with sever comorbidities) among patients alive 5days after
diagnosis. Regarding the age boundary, we followed the
age-related Ferrara unfitness criterion.® By this method,
we could show that 77% of non-eligible patients receive
treatment (28% and 49% for curative and palliative care re-
spectively) when they visit a specialised haematology unit
versus 42% (2.8% and 39% for curative and palliative care
respectively) when they did not (p<0.001) (Appendix S1
- Table 4). These results show the importance of a trained
haematologist for unfit AML patients. Indeed, with the
advent of oral chemotherapy agents facilitating outpatient

OR" 95% CI? p-value OR" 95% CI° p-value
<0.001 0.074
1.15 0.18, 9.00 0.42 0.04, 5.06 0.5
0.09 0.02, 0.27 0.19 0.03, 0.97 0.065
0.08 0.02, 0.21 0.13 0.02, 0.62 0.020
0.04 0.01,0.11 0.10 0.01, 0.51 0.011
0.18 0.04, 0.50 0.15 0.02, 0.70 0.028
<0.001 0.007
0.20 0.09, 0.39 0.92 0.32, 2.35 0.9
0.20 0.09, 0.41 0.80 0.27,2.13 0.7
0.03 0.02, 0.07 0.37 0.12,1.01 0.062

care, and non-intensive chemotherapies (e.g. azacytidine
venetoclax combination),*>! it can be assumed that the
trained haematologist attempts to use these new therapeu-
tic tools to manage unfit patients. The fact that the seven pa-
tients over 80years old who were enrolled in a clinical trial
were recruited by trained haematologist tends to support
this notion (Table 1). By contrast, unfit patients seen else-
where do not have access to these new therapies, especially
as an increasing number of studies suggest they should be
treated with non-intensive chemotherapies.”**

Our study does present a number of limitations which
need to be addressed. First, we categorised the EDI based
on quintiles and such class variables are potentially less
informative.** The EDI-quintile may, however, reflect the
level of access to adequate health care facilities, as deter-
mined by the geographical area of the patient's residence.
Our results also showed that the presence of severe co-
morbidities can limit patient access to specialised hae-
matology units. However, a higher prevalence of severe
co-morbidities is seen among the most deprived patients,
as defined by EDIL** To uncover how the socio-economic
status affects access to specialised care facilities and the
role of co-morbidities for AML patients, information on
distance and travel times to specialised care facilities, indi-
vidual comorbidities, would be required. These data were
not available in our study as is the case in other reports of
similar design.'**
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A second limitation concerns our finding that consul-
tation in non-haematological medical units is negatively
correlated (ORa = 0.12, 95% CI, 0.07-0.18) with access
to specialised haematology unit. We hypothesised that
this reflects more complex clinical situations that require
transfer to non-haematological units, despite a diagnosis
of AML. Again, in the absence of detailed information on
the clinical signs justifying the lack of consultation in a
specialised haematology unit, we cannot rule out the hy-
pothesis that these patients were advised by a specialised
haematologist (e.g. during a multidisciplinary consulta-
tion meeting) or that they wished not to be treated. Such
information was not available in our study.

These limitations however do not affect our main con-
clusions, and our findings raise the question of what ther-
apeutic approach would have been taken if these patients
had consulted in a specialised haematology unit during
their course of care. To this end, in the next stage of our
project, we will apply causal mediation techniques to quan-
tify how accessing a specialised haematology unit causally
contributes to the likelihood of receiving a curative treat-
ment and impacts differential AML patient net survival.

5 | CONCLUSION

In this study, we show for the first time that well-known
clinical and biological prognostic factors limit the access
of AML patients to a specialised haematology unit, which
in turns strongly impedes access to cytogenetic analyses
and curative treatments. Our study highlights the impor-
tance of a haematological unit referral, or a consultation
in an academic hospital, for AML patients to have the best
chance of being optimally treated according to individual
disease risk factors and comorbidities.
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