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Abstract

Purpose Anemia in cancer should be diagnosed and treated according to guideline recommendations. The implementation
of ESMO and German guidelines and their effect on anemia correction was analyzed.

Methods This retrospective epidemiological study, representative for Germany, analyzed data on anemia management
of cancer patients with anemia > grade 2. The Guideline Adherence Score (GLAD) for diagnosis (GLAD-D) and therapy
(GLAD-T) was defined as follows: 2 points for complete, 1 point for partial, O point for no adherence.

Results Data were analyzed for 1046 patients. Hb levels at diagnosis of anemia were 8—10 g/dL in 899 (85.9%) patients,
7-8 g/dL in 92 (8.7%), and <7 g/dL (5.0%) in 52. Transferrin saturation was determined in 19% of patients. Four hundred
fifty-six patients received RBC (43.6%), 198 (18.9%) iron replacement, 106 (10.1%) ESA, and 60 (5.7%) vitamin B12 replace-
ment. 60.6% of patients receiving iron replacement were treated intravenously and 39.4% were treated orally. Two hundred
eighty-eight (36.6%) of 785 patients receiving transfusions had no guideline-directed indication. GLAD-D was 2 in 310
patients (29.6%), 1 in 168 (16.1%), and 0 in 568 (54.3%). GLAD-T was 2 in 270 patients (25.8%), 1 in 320 patients (30.6%),
and 0 in 456 patients (43.6%). Higher GLAD-D significantly correlated with higher GLAD-T (tB=0.176, p <0.001).
GLAD-T 2 was significantly associated with greater Hb increase than GLAD-T 0/1 (»p <0.001) at 28 days (10.2 vs. 9.7 g/
dL) and at 2 months (10.4 vs. 9.9 g/dL).

Conclusions Anemia assessment is inadequate, transfusion rates too high, and iron and ESA therapy too infrequent.

Trial registration ClinicalTrials.gov, NCT05190263, date: 2022-01-13.
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Introduction

>4 Hartmut Link iais th .- £ mali di
hlink @kabelmail de Anemia is the most common comorbidity of malignant dis-

eases, which may increase with diagnostic and therapeutic
interventions. Patient’s symptoms, complaints, and quality
of life correlate with the degree of anemia [33]. Depend-
ing on tumor type and stage, the prevalence of anemia is
31-50% in untreated solid tumors; the prevalence is even
higher in hematologic neoplasms [37]. Anemia is also unfa-
vorable for the course and therapy of malignant disease and
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Therefore, it is of great interest to analyze if and how
these guidelines are implemented and to assess the relevance
of guideline adherence. The aim of this study was to evalu-
ate the implementation and adherence to the ESMO Anemia
Guidelines [1], the DGHO Onkopedia Germany [26], the
German guideline on supportive care [31, 44] and the cross-
sectional guidelines of the German Medical Association [16]
in clinical routine in patients with solid tumors and malig-
nant lymphomas at high risk of anemia. To this end, a patient
documentation was conducted to observe the current quality
of anemia diagnostics, therapy, and guideline implementa-
tion in hospitals and among oncology practices. In addition,
the effect of guideline implementation on anemia correction
was to be investigated.

Methods

A retrospective analysis was performed on a representative
sample of patients from outpatient and inpatient settings
in Germany. The documentation took place in Q3 and Q4
/2021.

In total, 1395 institutions were contacted. All certi-
fied centers were contacted, as well as all institutions that
had participated in at least phase 1 (health care structure
analysis) of the previous AIO AG Supportive Therapy and
AGSMO studies. Three hundred eleven centers participated
in phase 1 and provided feedback on their patient volume in
the mentioned indications (response rate 22.3%).

One hundred forty-three centers participated in patient
documentation (phase 2). The patients to be documented
were selected in a representative way on the basis of the
previously performed health care structure analysis data and
distribution ratios from phase 1. The participating centers
were assigned to four clusters (each subdivided by disease
and hospital/practice) according to the number of patients to
be documented: centers with very high, high, medium, and
low patient volume (PV). Cutoffs for the distribution were
determined using the 75%, 50%, and 25% quartiles of PV.
To avoid selection bias and ensure random selection, centers
were asked to document all patients meeting the inclusion
criteria from the cutoff date (01/01/2021) until the prede-
fined number of patients in this center was reached. Thus,
the real care situation is proportionally and representatively
reflected in the sample.

Patients

From the cutoff date (01/01/2021), all patients meeting the
following inclusion criteria were chronologically docu-
mented per center until the predefined set of patients for
that center was reached:
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e Adults > 18 years of age

e Diagnosis of anemia grade >2 (CTCAE 5.0), resp. an Hb
value < 10 g/dL (or < 6.2 mmol/L) between 01/01/2021
and 06/30/2021

e Diagnosis of gastrointestinal cancer (colon, rectum,
stomach, esophagus, or pancreas), breast cancer, lung
cancer (NSCLC or SCLC), or malignant lymphoma (non-
Hodgkin’s lymphoma or Hodgkin’s lymphoma)

Patients were excluded if:

e The follow-up period was less than 4 weeks and if there
was no contact with the patient after the diagnosis of
anemia

e Diagnosis of a bone marrow disease (e.g., MDS, CML,
CLL)

Patient characteristics, disease parameters, therapies, and
lines of therapy were documented.

Diagnostics

The following parameters were considered necessary for an
adequate diagnosis of anemia and iron metabolism: hemo-
globin, mean corpuscular volume (MCV), percent hypochro-
mic red cells (%HRC), reticulocyte hemoglobin content
(CHr), serum ferritin (SF), transferrin (TF), transferrin sat-
uration (TSAT), and soluble transferrin receptor (sTfR). In
addition, folic acid and B12 should be determined if needed.
The following definitions were used [1, 3, 50]:

Iron deficiency (ID): TSAT <20% or SF < 100 ng/mL
Absolute ID (AID): SF <100 ng/mL

Functional ID (FID): TSAT <20%, SF> 100 ng/mL

No ID: TSAT >20%; SF > 100 ng/mL

Signs of anemic hypoxia: tachycardia, hypotension, ECG
ischemia, lactic acidosis

e Risk factors: coronary artery disease, chronic heart fail-
ure, cerebrovascular insufficiency

Treatment

Guideline-compliant anemia management was defined by
the following criteria [16, 44]:

— Restrictive red blood cell (RBC) transfusion policy:

Hb> 10 g/dL: no RBC transfusion indicated

Hb >8-< 10 g/dL: RBC transfusion indicated only if
there is evidence of anemic hypoxia

Hb >7-<8 g/dL: RBC transfusion indicated:
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a. Yes: in the presence of signs of anemic hypoxia

b. Yes: in the presence of other risk factors/insuf-
ficient compensation

c. No: no risk factors and adequate compensation

Hb <7 g/dL: RBC transfusion indicated

— Iron replacement and ESAs in patients receiving chemo-
therapy:

e Oral iron replacement is not recommended and
should only be considered in patients with ferri-
tin < 30 ng/mL, non-inflammatory disease (C-reactive
protein (CRP) <5 mg/L) and only in patients in com-
plete remission.
e Intravenous (IV) iron replacement in case of ID.

- Absolute ID: IV iron and ESA if Hb
remains < 10 g/dL during follow-up.

- Functional ID: IV iron and ESA.

- e No existing ID.
- - ESA and IV iron if ID during follow-up
— Iron replacement in patients not receiving chemotherapy:

e Oral iron replacement is not recommended and
should only be considered in patients with fer-
ritin < 30 ng/mL, non-inflammatory conditions
(CRP <5 mg/L) and only in patients in complete
remission.

e IV iron replacement in case of ID.

e Absolute or functional ID: IV iron.

ESAs are only recommended in patients receiving
chemotherapy.

Appropriate substitution in case of proven vitamin B12
or folic acid deficiency.

Guideline adherence score (GLAD)

Based on our previous definition, a three-point GLAD score
scale has been defined for diagnosis (GLAD-D) and treat-
ment (GLAD-T), respectively [34].

1. GLAD-D

(a) 2 points: diagnosis of anemia according to guide-
lines. Diagnosis of vitamin B12 or folate defi-
ciency; if no vitamin B12 or folate deficiency:
differential diagnosis of iron metabolism (SF+TF
or TSAT or %HRC or CHr)

(b) 1 point: no differential diagnosis. Low MCV
without further differential diagnosis; normal
MCV +normal SF without further differential

diagnosis; normal vitamin B12 and folate levels,
no further differential diagnosis

(c) O points: lack of anemia diagnosis. Normal or
elevated MCV and no vitamin B12 or folate diag-
nostics and/or no differential diagnosis of iron
metabolism

2. GLAD-T

(a) 2 points: therapy of anemia according to
guidelines. AID/ID: IV iron or oral iron if
CRP <5 mg/L (4+/—ESA in chemotherapy); FID:
ESA (only in chemotherapy)+1V iron or oral iron
if CRP <5 mg/L; no ID: ESA (only in chemo-
therapy) if no vitamin B12 or folate deficiency;
vitamin B12 or folate deficiency: vitamin B12 or
folate substitution

(b) 1 point: failure to fully follow the guidelines.
RBC with indication as primary and only anemia
therapy; FID: ESA only (in chemotherapy) or iron
replacement only; Hb > 8 g/dL: no RBC, no other
anemia therapy

(c) 0 points: no adherence to guidelines. RBC with-
out indication as primary and only anemia therapy
(excluding RBC directly related to major surgery);
Hb < 8 g/dL: no anemia therapy; ID: oral iron
replacement and CRP > 5 mg/L; vitamin B12 or
folate deficiency without replacement. ESA with-
out chemotherapy

Statistical methods

Statistical data analysis was performed using R version 4.2.2
[43]. Descriptive statistics include absolute and relative fre-
quencies for qualitative characteristics; for continuous char-
acteristics, location measures were calculated with corre-
sponding measures of dispersion (median with interquartile
range and minimum and maximum).

An analysis of variance for repeated measures
(rmANOVA) was performed to analyze the increase in Hb
after the diagnosis of anemia or the start of anemia therapy.
Since the prerequisite for this measurement is a normal dis-
tribution of the measurement results, this was analyzed by
histograms and Q-Q plots confirming the normal distribu-
tion. The second requirement for multiple measurements
is sphericity. This was checked with the Mauchly test.
Since sphericity is not present in the sample, the Green-
house—Geisser correction was used to correct for sphericity
violations.

To compare interval-scaled variables, such as GLAD
scores, the Mann—Whitney U test [38] was performed when
the independent variables were binomial. Kendall’s tau-b
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test (tB) was performed to examine the correlation between
two continuous or interval-scaled variables [32].

Two multivariable logistic regression models were con-
structed to analyze which patient characteristics and center
parameters correlated with guideline-directed anemia therapy.
Because Hb increase proved to be relatively similar between
GLAD-T 0 and GLAD-T 1, but significantly different from
total guideline adherence, the analysis here was binomial
(GLAD-T 0/1 vs. GLAD-T 2). For effect estimates from mul-
tivariable logistic regression, the corresponding odds ratios
(OR) with associated 95% confidence intervals (95% CI) are
reported. The significance level is two-sided with p <0.05.

Results
A total of 1046 out of 1053 documented patients could be

evaluated. Five patients did not meet the inclusion criteria;
two patients were double documented and were excluded.

Relevant patient and iron metabolism diagnostic data are
summarized in Table 1.

In addition, at the time of anemia diagnosis, vitamin B12
was determined in 8.1% of the patients and folic acid in
7.4%; at the follow-up of up to 2 months, these diagnostics
were still performed in 5.6% of the patients.

Since serum ferritin is not well suited to assess iron status
in tumor patients, it is better to determine transferrin satura-
tion. This was done in only 19.5% of the patients. MCV is
typically decreased in ID. Since the prevalence of individu-
als with decreased MCV in thalassemia is low in Germany,
this parameter is diagnostic for ID.

Since MCV is always available at the time of blood count, we
investigated whether there is a relationship between MCV and TSAT.

At the time of diagnosis (n=204), the correlation coef-
ficient for TSAT and MCV indicates a moderate relationship
(tB=0.256, p<0.001). If only patients with iron supple-
mentation and without RBC transfusion are considered, the
correlation is even stronger (tB=0.363, p <0.001), but the

Table 1 Patient characteristics at diagnosis of anemia and iron diagnostics performed

Breast cancer Gastrointestinal cancers Lung cancer Malignant lymphoma Total

Number of patients 311 371 260 104 1046
Age—years, median (25% and 75% percentiles) 60 (51-69) 69 (61-76) 67 (61-74) 70 (57-79) 79
Gender (male—female) % 0.3-99.7 60.9-39.1 59.2-40.8 47.1-52.9 41.1-48.9
Disease stage %: UICC, Ann Arbor in lymphoma
N/AY 1.0 54 - -
1 19.6 18.6 1.2 9.6
11 38.3 25.6 8.5 20.2
il 16.7 50.4 26.9 22.1
v 24.4 54 63.5 48.1
ECOG status (%)
0 383 19.1 18.8 26.0 254
1 36.3 46.4 50.0 41.3 43.8
2 11.6 15.4 18.8 7.7 14.3
3 2.6 32 1.9 5.8 3.0
4 0.0 0.0 0.0 0.0 0.0
Unknown 11.3 15.9 10.4 19.2 13.5
Tumor therapy (%)
Major surgery 53.4 53.4 32.3 24.0 45.3
Drug-based therapy 98.1 87.6 92.3 92.3 92.4
Radiation 43.7 18.1 423 3.8 30.3
Hemoglobin g/L, median (25% and 75% 9.4 (8.7-9.8) 9.2(8.6-9.6) 9.3(8.5-9.7) 9.2 (8.4-9.6) 9.3 (8.6-9.7)
percentiles)
Iron deficiency diagnostics in % of patients
McCvV 94.2 97.6 98.5 93.3 96.4
Serum ferritin (SF) 24.8 294 235 28.8 26.5
Transferrin saturation (TSAT) 19.9 22.1 16.9 15.4 19.5
Hypochromic erythrocytes %HRC 32 35 1.9 4.8 32
Reticulocyte hemoglobin (CHr) 39 6.5 7.3 9.6 6.2
Soluble transferrin receptor 0.3 2.4 0.8 1.0 1.2
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number of patients is smaller (n=72). There is no measur-
able effect in patients who did not receive iron supplementa-
tion or RBC transfusion (tB=0.103, p=0.182).

There is an association between reticulocyte Hb and
TSAT, at the time of diagnosis (tB =0.606; p <0.001) and
over all time points (tB=0.476; p <0.001). However, the
samples are very small (time of diagnosis n=21 and all time
points n=41) because reticulocyte Hb was rarely measured.

Red blood cell (RBC) transfusions were given to 456
(43.6%) of the patients, of whom 247 (23.6%) received
RBCs once, 97 (9.3%) twice, and 112 (10.7%) received
RBCs three or more times. One unit of RBCs was admin-
istered in 28.3% of transfusions, and two or more units of
RBCs were administered in 71.7% of transfusions.

The relationship between the number of RBC transfusions
performed, taking into account Hb level and risk, and the num-
ber of transfusions indicated by guidelines is shown in Fig. 1.

In further analysis, 288 (36.6%) of 785 patients received a
red blood cell transfusion without a guideline-directed trans-
fusion indication. In terms of RBCs administered, this means
that 63.2% of patients who received RBCs (n=456) had no
indication. Patients without a guideline-directed indication
were also more likely to receive two or more units of RBCs
(75.4%) than those with an indication (65.8%). Among all
transfused patients (n=456), 54.2% received one transfusion
and 45.8% received two or more transfusions.

45.2% of the patients with an indication for transfusion
(n=166) had one transfusion occasion and 54.8% had two

or more occasions. Among patients without an indication
for transfusion (n=288), 59.4% received one transfusion
and 40.6% received two or more transfusions.

ID was diagnosed in 304 (29.1%) patients, no ID was present
in 320 (30.6%) patients, and the diagnosis was incomplete in
422 (40.3%) patients. One hundred twenty patients received
intravenous iron therapy and 78 patients received oral iron
therapy. The inflammatory parameter (CRP) was above 5 mg/
dL in 51 (42.5%) patients on IV iron and 19 (24.4%) patients
on oral iron. The use of medical therapy with iron and ESAs is
shown in Table 2 and was most common in patients with breast
cancer and least common in patients with malignant lymphoma.

ESAs were used during chemotherapy in 104 (10.8%)
patients with Hb below 10 g/dL, including 3 patients with
Hb between 7 and 8 g/dL and 3 patients with Hb below
7 g/dL. In the subgroup without ID (n=263), 43 (16.3%)
patients received ESA therapy. In the subgroup without
functional ID (TSAT >20%, n=52), 19 (36.5%) patients
received ESA therapy; these were only patients with chem-
otherapy and Hb between 8 and 10 g/dL.

Vitamin B12 was administered in 60 patients (5.7%).

Guideline adherence scores: diagnosis (GLAD-D),
therapy (GLAD-T)

The results of guideline adherence and GLAD scores are
shown in Table 3.

Hb-Values, risk factors and transfusion of RBC

0% 10% 20% 30%

Hb<7 g/dl (n=52)

Hb 27-<8 g/dl + AH (n=12)

Hb >7-<8 g/dl + RF (n=40)

Hb27-<8 (n=43)

Hb 28-<10 g/dl + AH (n=157) 47.8%

Number of patients per group

Hb 28-<10 g/dI (n=742) 34.2%

n: number of patients

40% 50% 60% 70% 80% 90% 100%

98.1%

91.7% 8.3%
79.5% 20.5%
75.6% 24.4%
52.2%
65.8%
m RBC with indication m RBC without indication no RBC
n=1046

AH: anemic hypoxia (tachycardia, hypotension, ECG ischemia, lactic acidosis)
RF: other risk factors (coronary artery disease, chronic heart failure, cerebrovascular insufficiency)

Fig. 1 Transfusion of RBC and indication according to guidelines
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Table 2 Medical therapy in

; Breast cancer  Gastrointesti- Lung cancer =~ Malignant Total
anemia N=311 nal cancers N=260 lymphomas ~ N=1046
N=371 N=104
N % N % N % N % N %

Iron substitution 97 31.2 69 18.6 27 104 5 4.8 198 18.9

Iron therapy type % of treated patients
1V iron 46 474 55 79.7 18 66.7 1 1 120 60.6
Oral iron 51 52.6 14 20.3 9 333 4 3.8 78 39.4
Erythropoiesis- 51 16.4 21 5.7 30 11.5 4 3.8 106 10.1

stimulating agents
(ESA)

In another finding, there was a positive correlation
between guideline-adherent differential diagnosis and guide-
line-adherent anemia treatment: 45.2% of guideline-adherent
diagnosed patients (GLAD-D 2) received guideline-adherent
treatment, whereas only 17.4% of poorly diagnosed patients
(GLAD-D 0 and 1) received guideline-adherent treatment
(OR 4.41;95% CI 3.17-6.17; p<0.001).

In 198 of all 1046 patients, who received iron replace-
ment, 54.5% had a GLAD-D 2, while 23.8% (p <0.001) of
the remaining 848 patients without iron replacement had a
GLAD-D 2. In the 120 patients receiving IV iron replace-
ment, the GLAD-D 2 was 60.8% compared to 44.9% for oral
therapy (p=0.016).

Guideline-directed therapy of anemia was associated
with a significantly faster and, more importantly, more
sustained increase in Hb levels at both the 28-day and
2-month time points (GLAD-T 0: 9.65 g/dL and 9.96 g/
dL, respectively, vs. GLAD-T 2 10.15 g/dL and 10.44 g/
dL, respectively); see also Fig. 2a. Hb levels increased by
1.07 g/dL and 1.3 g/dL for GLAD-T 2 absolute at 4 weeks
and 2 months compared to the combined GLAD-T 0/1 by
0.46 g/dL and 0.76 g/dL, respectively.

The summary of GLAD scores of diagnosis and ther-
apy was defined as total GLAD score. The increase in
Hb at 28 days and 2 months was significantly higher in
patients with a total GLAD 2 compared to total GLAD
0/1: 10.12 g/dL and 10.43 g/dL compared to 9.79 g/dL
and 10.06 g/dL, respectively; see Fig. 2b. At 28 days and
2 months, the absolute differences for total GLAD 2 were
1.22 g/dL and 1.53 g/dL, respectively, compared with
0.71 g/dL and 0.98 d/dL for total GLAD 0/1.

Two multivariable models were developed to examine
the extent to which patient characteristics and health
care parameters correlated with guideline-directed
anemia therapy. Since there was little difference in Hb
increase between patients with GLAD-T 0 and GLAD-T
1, they were combined here so that guideline-directed
therapy (GLAD-T 2) was compared with non-guideline-
directed therapy (GLAD-T 0/1). The following patient
characteristics were significant when comparing odds
ratios.

Significantly worse GLAD-T was seen with an ECOG
score of 2 and higher, malignant lymphoma, chemotherapy
for advanced or metastatic disease. Significantly better

Table 3 GLAD scores for
anemia diagnostics (GLAD-D)
and therapy (GLAD T)

GLAD-D (diagnostic)

Breast cancer
Gastrointestinal cancer
Lung cancer
Malignant lymphoma
Total

GLAD-T (therapy)

Breast cancer
Gastrointestinal cancer
Lung cancer
Malignant lymphoma
Total

189
174
153
52

568

118
160
120
58

118

1 2
% N % N %
60.8 36 11.6 86 277
46.9 78 21.0 119 32.1
58.8 32 12.3 75 28.8
50.0 22 21.2 30 28.8
54.3 168 16.1 310 29.6

1 2
% N % N %
379 84 27.0 109 35.0
43.1 126 34.0 85 229
46.2 72 27.7 68 26.2
55.8 38 36.5 8 7.7
37.9 84 27.0 270 25.8
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a Hb-Value increase
10.5

10.3
10.1
9.9
9.7 ~
9.5

Hb-Value in g/dl

9.3
9.1
8.9
8.7

Hb-Value at Hb-Value after 14 Hb-Value after 28 Hb-Value after 2
diagnosis days days months

0-GLAD-T 0 (n=466) o GLAD-T 1 (n=310) GLAD-T 2 (n=270)
Repeated Measures ANOVA (Greenhouse-Geisser Correction) p<0.001

b Hb-Value increase
10.5

103

10.1 o
9.9
9.7 s

9.5

Hb-Value in g/dl

9.3
9.1 o
8.9 d

8.7
Hb-Value at  Hb-value after 14 Hb-Value after 28 Hb-Value after 2
diagnosis days days months

o-Other (n=906)  —e—Total GLAD (n=140)

Repeated Measures ANOVA (Greenhouse-Geisser Correction) p<0.001

Fig.2 a Anemia therapy, GLAD score T and increase of Hb value
after anemia diagnosis. b Anemia therapy, total GLAD (GLAD
D+GLAD T) vs. other and increase of Hb value after anemia diag-
nosis

GLAD-T was seen in breast cancer, patients without chemo-
therapy and a GLAD-D of 2; see Fig. 3a.

Patients who did not undergo surgery or underwent
minimally invasive procedures were slightly less likely to
receive guideline-directed anemia therapy (22.5%) than
patients who underwent surgery (33.2%). This difference
was not significant in the multivariable model: OR 0.83
(95% C10.59-1.17, p=0.275); see below. Patients with no
medical tumor therapy were slightly more likely to receive
guideline-directed anemia therapy (37.5%) than patients
in the adjuvant or neoadjuvant setting (31.1%): OR 1.76
(95% C10.98-3.15), but the difference was not significant
at the given level of significance (p =0.056). However,
patients with advanced or metastatic disease were sig-
nificantly less likely to receive guideline-directed anemia
therapy (19.6%): OR 0.67 (95% CI 0.47-0.97, p =0.032).
In contrast, therapy did not differ between patients with

and without radiotherapy: OR 0.97 (95% CI 0.69-1.36,
p=0.849).

Regarding center parameters, a higher proportion of
patients in practices/health centers (34.6%) were treated with
guideline-directed anemia therapy than in clinics (22.2%):
OR 2.42 (95% CI1 1.70-3.48, p<0.001).

The multivariable analysis is shown in Fig. 3b, with a
significantly better GLAD therapy score when no patient
blood management program existed in the institution.

The proportion was also higher in organ-specific institu-
tions (gynecology, gastroenterology, pulmonology) (36.0%)
than in hematology-oncology institutions (20.2%): gynecol-
ogy OR 3.81 (95% CI 2.68-5.45, p <0.001), gastroenterol-
ogy OR 1.84 (95% CI 1.84-2.88, p=0.009), and pneumol-
ogy OR 1.91 (95% CI 0.42-6.39, p=0.333). However, it
should be noted that many organ-specific centers are multi-
disciplinary. There was no statistically significant difference
between certified centers (25.1%) and non-certified centers
(28.0%): OR 0.96 (95% CI 0.65-1.42, p=0.854).

Discussion

Diagnostic workup is a prerequisite for adequate anemia
therapy. Appropriate workup parameters for iron, vitamin
B12, and folate deficiency are provided by ESMO and other
guidelines [1, 16, 31].

In the present study, the median Hb level of all patients
was 9.3 g/dL, with minor differences between the diseases
studied. Since ferritin may be elevated in cancer patients
and is not a reliable parameter of iron status, serum trans-
ferrin saturation should be determined. This parameter can
also diagnose anemia of chronic disease or inflammation,
which is common in cancer patients [20]. In routine clinical
practice, transferrin saturation is determined in only 14%
of patients throughout Europe [35]. Unfortunately, this has
hardly improved since 2014: in our study transferrin satura-
tion was determined in only 19.5% of patients overall and
in 16.9% and 15.4% of patients with lung cancer and malig-
nant lymphoma, respectively. Patients with gastrointestinal
cancers had the highest rate of testing at 22.1%. Of the 125
patients who were initially screened, 62.4% had a decreased
TSAT. The prevalence of ID, diagnosed by decreased trans-
ferrin saturation below 20%, was 42.6% in tumor patients
and 33% of all patients were anemic [36].

Other parameters of ID such as percentage of hypochro-
mic erythrocytes or soluble transferrin receptor did not play
arole with an application rate of 3.2% and 1.2%, respectively.

For the diagnosis of ID as a common cause of ane-
mia, the MCV value can be used, but the correlation
with ID is not good, so other parameters are preferred
[4, 21]. In the tumor patients studied here, anemia is
more likely to occur in chronic diseases, in which MCV
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a

Variable N Odds ratio p
Age (yrs) ;

<65 461 * Reference

65-74 325 —— 0.85 (0.59, 1.23) 0.391

75+ 260 —— 1.19 (0.80, 1.79) 0.389
Sex '

male 430 [ | Reference

female 616 — 0.75 (0.50, 1.10) 0.140
ECOG .

0/1 724 | Reference

2+/u. 322 —a— 0.70 (0.49, 0.99) 0.048
CcCl !

2 628 [ | Reference

8 248 —— 1.08 (0.74, 1.57) 0.700

4+ 170 —— 0.80 (0.50, 1.26) 0.350
Disease |

gastrointestinal cancer 371 | | Reference

breast cancer 311 ! —_— — 2.40 (1.50, 3.86) <0.001

lung cancer 260 —— 1.50 (0.99, 2.28) 0.055

malignant lymphoma 104 L] 0 0.29 (0.12, 0.62) 0.003
Surgery i

yes 322 [ ] Reference

no 724 ——— 0.83 (0.59, 1.17) 0.275
Chemotherapy b

yes, adjuvant/neoadjuvant 440 | ] Reference

yes, advanced/metastatic 526 — — 0.67 (0.47, 0.97) 0.032

no 80 —— 1.76 (0.98, 3.15) 0.056
Radiotherapy !

yes 317 [ ] Reference

no 729 —i— 1.03 (0.73, 1.45) 0.866
GLAD-D H

0 568 | Reference

1 168 —— 1.22 (0.75, 1.93) 0.410

2 310 . , ! , —— | 4.41(3.17,6.17) <0.001

0.2 0.5 1 2 5
favors GLAD-T 0/1 favors GLAD-T 2
b

Variable N Odds ratio p
Certification

certified 811 u Reference

not certidfied 235 '—!— 1.00 (0.67, 1.48) 0.99
Facility i

Hospital 740 | | Reference

Office-based physician 306 1 —— 2.35(1.64, 3.39) <0.001
Specialization !

Hematology/Oncology 674 | Reference

Gastroenterology 146 — 1.78 (1.12, 2.80) 0.01

Gynecology 212 : —— 3.73 (2.61, 5.34) <0.001

Pulmonology 14 : L 1.89 (0.42, 6.33) 0.34
Patient Blood Management E

yes 451 - Reference

no 538 : —— 1.44 (1.06, 1.96) 0.02

n.a. 57 ' 0.96 (0.43, 1.96) 0.91

0.5 1 2 5

favors GLAD-T 0/1

favors GLAD-T 2

Fig.3 a Multivariable model, patient and treatment characteristics and GLAD score T. b Multivariable model, center characteristics and GLAD

score T

can be both normal and decreased [12, 50]. In 19.6% of
our patients, the MCV value was below 80 f1, indicating
prolonged ID.

In our study, the simple and convincingly published
determination of reticulocyte hemoglobin as a parameter

@ Springer

for the iron status of erythropoiesis was used in only 6.2%
of patients [4, 13, 42, 45, 49].

Although TSAT and reticulocyte hemoglobin were only
determined in a small proportion of patients in routine
clinical practice, we found a significant correlation between
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TSAT and reticulocyte hemoglobin. Thus, we can confirm
the detection of iron-deficient erythropoiesis by means of
decreased reticulocyte hemoglobin [4, 42, 45, 49].

Certainly, it is not enough to look at individual param-
eters to differentiate ID [4, 9, 18].

Even without the classical parameter of an increased
erythrocyte MCYV, a deficiency of vitamin B12 or folic acid
may be present [41] so that these should be determined
directly. Vitamin B12 and folic acid diagnostics were per-
formed in only 8.1% and 7.4% of the patients, respectively.

If only patients with hemoglobin levels below 8.0 g/dL
received blood transfusions, the number of RBC transfusions
could be significantly reduced. This group could be further
reduced if, according to guidelines, only patients with risk
factors or anemic hypoxia received transfusions.

Even in hematologic patients, one transfusion compared
to two transfusions is not detrimental to the patient [7, 15]. A
restrictive transfusion strategy (Hb concentration 7-9 g/dL)
compared to a liberal transfusion strategy (Hb concentration
8 to 12 g/dL) showed little or no difference in mortality at
day 30 to 100, length of hospital stay, or frequency of bleed-
ing complications [19]. The guidelines recommend to trans-
fuse only one unit if possible, but in the study, only 28.3% of
the RBC administrations transfused one unit.

However, it is unclear whether the requirement of only
one transfusion is feasible in the practice of outpatient
anemia therapy, as one must weigh the disadvantages
of possibly more frequent transfusions and the time
involved [17].

A large percentage of RBCs were transfused without indi-
cation, i.e., at Hb values between 7 and 8 g/dL without risk
factors or between 8 and 10 g/dL without anemic hypoxia,
corresponding to 287 (36.6%) of 785 patients without trans-
fusion indication. Also, in the previous Europe-wide analysis
by Ludwig, a very large number of patients (29.6%) received
RBC transfusions at Hb values between 9 and 9.9 g/dL [37].

Not only in surgical specialties, but also in oncology, a
patient blood management (PBM) program, i.e., standard-
ized anemia diagnosis and therapy, decreases the transfu-
sion rate in both the inpatient and outpatient sectors [24].
Our study showed that the GLAD-T score was better in
the absence of a PBM program. Whether this result is due
to a lack of knowledge about PBM or only related to a
PBM of other hospital departments would require further
investigations.

A PBM program also means optimizing anemia diag-
nosis and therapy, including transfusion practices. This
can optimize preoperative Hb levels and reduce transfu-
sion rates, ICU admissions, length of hospital stay, and
overall complications [10, 25, 40]. The negative effect of
transfusion on cancer recurrence could also be avoided
[29]. Recent analyses also show a worse effect of immu-
notherapy in transfused patients [39].

In case of absolute or functional ID, patients with exist-
ing tumor should be substituted with IV iron, as most of
the time the immune system is stimulated with correspond-
ing interleukin-6 and hepcidin production, blocking oral
iron uptake and iron release from stores [1, 11, 20]. In our
study, we used elevated CRP as a parameter for interleu-
kin-6 production. In 24.4% of the patients, this correlation
was ignored, and they were treated with oral iron. IV iron
therapy is safe [8], whereas red blood cell transfusions
are associated with a tenfold higher risk of severe morbid-
ity than IV iron (1 in 21,413 for RBC versus 1 in 200,000
for actual IV iron products) [6].

In the EU, ESA therapy is approved and recommended
by guidelines for patients with Hb <10 g/dL receiving
chemotherapy (https://www.ema.europa.eu/) [1, 16, 44].

When ESAs are used with chemotherapy, there is no
evidence of a negative impact on survival or progression-
free survival [2].

With only 10.8% of patients treated, ESA therapy did
not play a major role. Considering only the 263 patients
with chemotherapy and Hb levels between 8 and 10 g/dL
and a clear indication for ESA therapy, i.e., without ID, 43
(16.3%) received ESA therapy. Only in the small subgroup
with measured TSAT and values above 20%, 19 (36.5%)
of 52 patients received ESAs.

We showed that with a guideline-concordant diagno-
sis and therapy, i.e., our total GLAD score of 2, the Hb level
increased significantly more at 4 weeks and 2 months compared
to a score of 0/1. Even if only the GLAD-T 2 of the therapy
is considered, the results are better than with a score of 0/1.

This confirms that the goal of anemia therapy can be
achieved significantly better with consistent guideline
adherence.

Our multivariable analysis revealed significant factors
for a GLAD-T 2. Not surprisingly, an ECOG score of 2
and higher, as patients with advanced disease and likely
shorter life expectancy have little benefit from strict guide-
line adherence. Interestingly, the guidelines were followed
much less frequently in patients with malignant lymphoma
or chemotherapy. There were also significant differences
between hospital and office-based physicians and between
specialties in favor of gastroenterology and gynecology.

Limitations of the study are the retrospective methods,
no subsequent research could be conducted at the partici-
pating institutions, and the possible non-participation of
particularly motivated institutions or even guideline oppo-
nents. It is possible that not all arguments and reasons for
decisions regarding therapy and particularly transfusions
are documented in the medical records. In addition, patient
preferences in terms of shared decision-making were not
reliably captured.

The low rate of guideline implementation is likely due
to several factors, such as exaggerated concern about the
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toxicity of intravenous iron or ESAs, possibly insufficient
knowledge of the pathophysiology of anemia in cancer,
ignoring the toxicity and long-term consequences of RBC
transfusions, and insistence on previous but outdated thera-
peutic principles. To disseminate and implement guidelines
in oncology, reminders and feedback on guideline adherence
seem to be effective [46]. The use of rigorous guidelines and
clinical pathways has improved implementation of transfu-
sion guidelines [22, 23]. However, it is unclear whether a
clinical decision system can also reduce the rate of RBC
transfusion in hematology and oncology [5].

In conclusion, the implementation of the European and
German anemia guidelines for diagnosis and therapy in
Germany is not sufficient, and effective measures must be
taken to transfer them into clinics and practices.

Author contribution All authors contributed to the study conception
and design. Material preparation, data collection, and analysis were
performed by Markus Kerkmann and Laura Holtmann. The first draft
of the manuscript was written by Hartmut Link and Markus Detzner,
and all authors commented on previous versions of the manuscript. All
authors read and approved the final manuscript.

Funding Working Groups Supportive Care (AGSMO) and Medical
Oncology (AIO) of the German Cancer Society (DKG), study number
AIO-SUP-0121. The study was funded by a research grant from Phar-
macosmos to the AIO-Studien-gGmbH of the German Cancer Society.

Data Availability The funding source had no access to the data and
was not involved in data analysis or writing of the manuscript. Authors
confirm that they have full control over all primary data and agree to
allow the journal to review their data if requested.

Declarations

Ethics approval An opinion has been obtained from the Ethics Com-
mittee of Rhineland-Palatinate, Mainz, Germany, in accordance with
the guidelines and recommendations for ensuring Good Epidemiologi-
cal Practice (GEP) [27]. Due to the nature of the study, no additional
opinions from ethics committees were required. All procedures per-
formed in this study involving human participants were in accordance
with the ethical standards of the institutional and/or national research
committee and with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

Consent to participate Not applicable.

Consent for publication Not applicable.

Competing interests Hartmut Link: funding Pharmacosmos, institu-
tional, research grant to German Cancer Society; Teva, research grant;
financial interests, speaker and consultant honoraria Pharmacosmos,
Teva. Markus Detzner, Laura Holtmann, and Markus Kerkmann have

no interests to declare that are relevant to the content of this article.

Disclaimer The funding source did not have any access to the data and
was not involved in data analysis or manuscript writing.

Standard of reporting The guidelines for Observational Studies in Epi-
demiology (STROBE) were taken into account as far as applicable [47].

@ Springer

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Aapro M, Beguin Y, Bokemeyer C, Dicato M, Gascon P, Glaspy J,
Hofmann A, Link H, Littlewood T, Ludwig H, Osterborg A, Pron-
zato P, Santini V, Schrijvers D, Stauder R, Jordan K, Herrstedt J,
Committee EG (2018) Management of anaemia and iron defi-
ciency in patients with cancer: ESMO Clinical Practice Guide-
lines. Ann Oncol 29:1v96-iv110
2. Aapro M, Gascoén P, Patel K, Rodgers GM, Fung S, Arantes LH,
Wish J (2019) Erythropoiesis-stimulating agents in the manage-
ment of anemia in chronic kidney disease or cancer: a historical
perspective. Front Pharmacol 9:1498
3. Aapro M, Osterborg A, Gascon P, Ludwig H, Beguin Y (2012)
Prevalence and management of cancer-related anaemia, iron defi-
ciency and the specific role of i.v. iron. Ann Oncol 23:1954-1962
4. Archer NM, Brugnara C (2015) Diagnosis of iron-deficient states.
Crit Rev Clin Lab Sci 52:256-272
5. AtiaJ, Evison F, Gallier S, Pettler S, Garrick M, Ball S, Lester W,
Morton S, Coleman J, Pankhurst T (2022) Effectiveness of clinical
decision support in controlling inappropriate red blood cell and
platelet transfusions, speciality specific responses and behavioural
change. BMC Med Inform Decis Mak 22:342
6. Avni T, Bieber A, Grossman A, Green H, Leibovici L, Gafter-
Gvili A (2015) The safety of intravenous iron preparations: sys-
tematic review and meta-analysis. Mayo Clin Proc 90:12-23
7. Berger MD, Gerber B, Arn K, Senn O, Schanz U, Stussi G (2012)
Significant reduction of red blood cell transfusion requirements by
changing from a double-unit to a single-unit transfusion policy in
patients receiving intensive chemotherapy or stem cell transplan-
tation. Haematologica 97:116-122
8. Buchrits S, Itzhaki O, Avni T, Raanani P, Gafter-Gvili A (2022)
Intravenous iron supplementation for the treatment of chemother-
apy-induced anemia: a systematic review and meta-analysis of
randomized controlled trials. J Clin Med 11:4156
9. Cacoub P, Vandewalle C, Peoc’ HK (2019) Using transferrin satu-
ration as a diagnostic criterion for iron deficiency: a systematic
review. Crit Rev Clin Lab Sci 56:526-532
10. Cahill CM, Alhasson B, Blumberg N, Melvin A, Knight P, Gloff
M, Robinson R, Akwaa F, Refaai MA (2021) Preoperative ane-
mia management program reduces blood transfusion in elective
cardiac surgical patients, improving outcomes and decreasing
hospital length of stay. Transfusion 61:2629-2636
11. Camaschella C (2019) Iron deficiency. Blood 133:30-39
12. Camaschella C, Longo DL (2015) Iron-deficiency anemia. N
Engld J Med 372:1832-1843
13. Canals C, Remacha AF, Sarda MP, Piazuelo JM, Royo MT,
Romero MA (2005) Clinical utility of the new Sysmex XE 2100
parameter - reticulocyte hemoglobin equivalent - in the diagnosis
of anemia. Haematologica 90:1133-1134
14. Cella D, Kallich J, McDermott A, Xu X (2004) The longitudinal
relationship of hemoglobin, fatigue and quality of life in anemic


http://creativecommons.org/licenses/by/4.0/

Supportive Care in Cancer (2024) 32:113

Page110f12 113

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

cancer patients: results from rive randomized clinical trials. Ann
Oncol 15:979-986

. Chantepie SP, Mear JB, Briant AR, Vilque JP, Gac AC, Cheze S,

Girault S, Turlure P, Marolleau JP, Lebon D, Charbonnier A, Jar-
din F, Lenain P, Peyro-Saint-Paul L, Abonnet V, Dutheil JJ, Chene
Y, Bazin A, Reman O, Parienti JJ (2023) Effect of single-unit
transfusion in patients treated for haematological disease includ-
ing acute leukemia: a multicenter randomized controlled clinical
trial. Leuk Res 129:107058

Cross-sectional guidelines for therapy with blood components
and plasma derivatives (2020) In: Cross-sectional guidelines for
therapy with blood components and plasma derivatives. Bundesér-
ztekammer, Berlin. https://t1p.de/hsbdf

Cserti-Gazdewich C (2018) Shifting ground and gaps in trans-
fusion support of patients with hematological malignancies
Hematology / the Education Program of the American Society of
Hematology American Society of Hematology Education. Pro-
gram 2018:553-560

Elsayed ME, Sharif MU, Stack AG (2016) Transferrin saturation:
a body iron biomarker. Adv Clin Chem 75:71-97

Estcourt LJ, Malouf R, Trivella M, Fergusson DA, Hopewell
S, Murphy MF (2017) Restrictive versus liberal red blood cell
transfusion strategies for people with haematological malignan-
cies treated with intensive chemotherapy or radiotherapy, or both,
with or without haematopoietic stem cell support. Cochrane Data-
base Syst Rev 1:CD011305

Ganz T (2019) Anemia of inflammation. N Engl J Med
381:1148-1157

Gilreath JA, Rodgers GM (2020) How I treat cancer-associated
anemia. Blood 136:801-813

Gob A, Bhalla A, Aseltine L, Chin-Yee I (2019) Reducing two-
unit red cell transfusions on the oncology ward: a choosing wisely
initiative. BMJ Open Qual 8:¢000521

Goodnough LT, Hollenhorst MA (2019) Clinical decision support
and improved blood use in patient blood management. Hematol-
ogy 2019:577-582

Gross I, Trentino KM, Andreescu A, Pierson R, Maietta RA, Farmer
S (2016) Impact of a patient blood management program and an
outpatient anemia management protocol on red cell transfusions in
oncology inpatients and outpatients. Oncologist 21:327-332
Guinn NR, Fuller M, Murray S, Aronson S, Duke Perioperative
Enhancement T (2022) Treatment through a preoperative anemia
clinic is associated with a reduction in perioperative red blood cell
transfusion in patients undergoing orthopedic and gynecologic
surgery. Transfusion 62:809-816

Hastka J, Metzgeroth G, Gattermann N (2022) Eisenmangel und
Eisenmangelanémie. In: Eisenmangel und Eisenmangelanidmie.
Onkopedia - DGHO Deutsche Gesellschaft fiir Himatologie und
Medizinische Onkologie, Berlin. https://t1p.de/9s3ak

Hoffmann W, Latza U, Baumeister SE, Briinger M, Buttmann-
Schweiger N, Hardt J, Hoffmann V, Karch A, Richter A, Schmidt
CO, Schmidtmann I, Swart E, van den Berg N (2019) Guide-
lines and recommendations for ensuring Good Epidemiological
Practice (GEP): a guideline developed by the German Society for
Epidemiology. Eur J Epidemiol 34:301-317

Huang Y, Wei S, Jiang N, Zhang L, Wang S, Cao X, Zhao Y,
Wang P (2018) The prognostic impact of decreased pretreatment
haemoglobin level on the survival of patients with lung cancer: a
systematic review and meta-analysis. BMC Cancer 18:1235
Igbal N, Haider K, Sundaram V, Radosevic J, Burnouf T,
Seghatchian J, Goubran H (2017) Red blood cell transfusion and
outcome in cancer. Transfus Apher Sci: Off ] World Apher Assoc:
Off J Eur Soc Haemapheresis 56:287-290

Jordan K, Aapro M, Kaasa S, Ripamonti CI, Scotté F, Strasser
F, Young A, Bruera E, Herrstedt J, Keefe D, Laird B, Walsh D,
Douillard JY, Cervantes A (2018) European Society for Medical

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Oncology (ESMO) position paper on supportive and palliative
care. Ann Oncol 29:36-43

Jordan K, Feyer P, Holler U, Link H, Wormann B, Jahn F (2017)
Supportive treatments for patients with cancer. Dtsch Arztebl Int
114:481-487

Kendall MG (1955) Rank correlation methods, 2nd edn. Hafner
Publishing Co., Oxford, England

Lind M, Vernon C, Cruickshank D, Wilkinson P, Littlewood T,
Stuart N, Jenkinson C, Grey-Amante P, Doll H, Wild D (2002)
The level of haemoglobin in anaemic cancer patients correlates
positively with quality of life. Br J Cancer 86:1243-1249

Link H, Kerkmann M, Holtmann L, Working Groups Supportive
C, Medical Oncology of the German Cancer S (2022) Immuno-
globulin substitution in patients with secondary antibody defi-
ciency in chronic lymphocytic leukemia and multiple myeloma:
a representative analysis of guideline adherence and infections.
Support Care Cancer 30:5187-5200

Ludwig H, Aapro M, Bokemeyer C, Glaspy J, Hedenus M, Lit-
tlewood TJ, Osterborg A, Rzychon B, Mitchell D, Beguin Y
(2014) A European patient record study on diagnosis and treat-
ment of chemotherapy-induced anaemia. Supportive Care in
Cancer 22:2197-2206

Ludwig H, Muldur E, Endler G, Hubl W (2013) Prevalence of
iron deficiency across different tumors and its association with
poor performance status, disease status and anemia. Ann Oncol
24:1886-1892

Ludwig H, Van BS, Barrett-Lee P, Birgegard G, Bokemeyer
C, Gascon P, Kosmidis P, Krzakowski M, Nortier J, Olmi P,
Schneider M, Schrijvers D (2004) The European Cancer Anae-
mia Survey (ECAS): a large, multinational, prospective survey
defining the prevalence, incidence, and treatment of anaemia in
cancer patients. Eur J Cancer 40:2293-2306

Mann HB, Whitney DR (1947) On a test of whether one of two
random variables is stochastically larger than the other. Ann
Math Stat 18:50-60

Mispelbaum R, Hattenhauer ST, Brossart P, Heine A (2022)
Red blood cell transfusions impact response rates to immu-
notherapy in patients with solid malignant tumors. Front
Immunol 13:976011

Muiioz M, Acheson AG, Bisbe E, Butcher A, Gémez-Ramirez
S, Khalafallah AA, Kehlet H, Kietaibl S, Liumbruno GM, Mey-
bohm P, Rao Baikady R, Shander A, So-Osman C, Spahn DR,
Klein AA (2018) An international consensus statement on the
management of postoperative anaemia after major surgical pro-
cedures. Anaesthesia 73:1418-1431

Oosterhuis WP, Niessen RW, Bossuyt PM, Sanders GT, Sturk
A (2000) Diagnostic value of the mean corpuscular volume in
the detection of vitamin B12 deficiency. Scand J Clin Lab Invest
60:9-18

Peerschke EI, Pessin MS, Maslak P (2014) Using the hemo-
globin content of reticulocytes (RET-He) to evaluate anemia in
patients with cancer. Am J Clin Pathol 142:506-512
R_Core_Team (2022) R: A language and environment for sta-
tistical computing. R Foundation for Statistical Computing.
https://www.R-project.org/

Supportive Therapie bei onkologischen PatientInnen 1.0 (2016)
AWMF Registernummer: 032/0540L. Leitlinienprogramm
Onkologie Deutsche Krebsgesellschaft, Deutsche Krebshilfe,
AWMF, Berlin. https://t1p.de/jflx1

Toki Y, Ikuta K, Kawahara Y, Niizeki N, Kon M, Enomoto M,
Tada Y, Hatayama M, Yamamoto M, Ito S, Shindo M, Kikuchi
Y, Inoue M, Sato K, Fujiya M, Okumura T (2017) Reticulocyte
hemoglobin equivalent as a potential marker for diagnosis of
iron deficiency. Int ] Hematol 106:116-125

Tomasone JR, Kauffeldt KD, Chaudhary R, Brouwers
MC (2020) Effectiveness of guideline dissemination and

@ Springer


https://t1p.de/hsbdf
https://t1p.de/9s3ak
https://www.R-project.org/
https://t1p.de/jflxl

113 Page 12 0f 12

Supportive Care in Cancer (2024) 32:113

47.

48.

implementation strategies on health care professionals’ behav-
iour and patient outcomes in the cancer care context: a system-
atic review. Implement Sci 15:41

von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC,
Vandenbroucke JP, for the SI (2007) The strengthening the
reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. PLoS
Med 4:¢296

Wan SG, Lai YZ, Myers RE, Li BS, Palazzo JP, Burkart AL, Chen
GK, Xing JL, Yang HS (2013) Post-diagnosis hemoglobin change
associates with overall survival of multiple malignancies - results
from a 14-year hospital-based cohort of lung, breast, colorectal,
and liver cancers. BMC Cancer 13:340

@ Springer

49.

50.

Weimann A, Cremer M, Hernaiz-Driever P, Zimmermann M
(2016) Delta-He, Ret-He and a new diagnostic plot for differen-
tial diagnosis and therapy monitoring of patients suffering from
various disease-specific types of anemia. Clin Lab 62:667-677
Weiss G, Ganz T, Goodnough LT (2019) Anemia of inflammation.
Blood 133:40-50

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

This study was presented in part at the ESMO Annual Congress, Paris,
France, September 9—13. September 2022, 1593P.



	Anemia diagnosis and therapy in malignant diseases: implementation of guidelines—a representative study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Methods
	Patients
	Diagnostics
	Treatment
	Guideline adherence score (GLAD)
	Statistical methods

	Results
	Guideline adherence scores: diagnosis (GLAD-D), therapy (GLAD-T)

	Discussion
	References


