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‘Phenoconversion’ in adult patients with β-thalassemia

To the Editor:

Patients with clinically significant forms of β-thalassemia have been

historically classified as having a β-thalassemia major or β-thalassemia

intermedia phenotype, with the first primarily referring to patients

who present with severe anemia during early childhood and require

lifelong transfusion therapy and the latter relating to patients who

present later in childhood or adolescence with mild–moderate anemia

that does not necessitate immediate commitment to regular transfu-

sion therapy.1 In more recent years, the terms transfusion-dependent

β-thalassemia (TDT) and non-transfusion-dependent β-thalassemia

(NTDT) gradually replaced the two conventional phenotypes, respec-

tively, to highlight the importance of transfusion-dependence in

determining the dominant pathophysiology and treatment needs.2

International management guidelines and clinical trial eligibility criteria

are now clearly differentiated for TDT and NTDT.3,4 Based on clinical

observation, NTDT patients may still require occasional transfusion

therapy in cases of infection, pregnancy, or surgery, while some go on

to receive more frequent transfusions or become transfusion-

dependent for various clinical reasons or as heir disease progresses.

The rate and determinants of such ‘phenoconversion’ from NTDT to

TDT remain poorly understood and have never been previously evalu-

ated. Such data remain essential to fully understand the natural course

of β-thalassemia as a disease spectrum.

We conducted a retrospective cohort study of β-thalassemia

patients attending treatment centers in Italy that use Webthal®, a

computerized medical record software with standardized clinical, labo-

ratory, and imaging data recording. An Ethics Committee approval

was obtained, and written informed consents for data collection and

use were retrieved from patients at each center. For this study, we

retrieved data for all adult (≥18 years) patients with NTDT who had

been originally diagnosed by treating physicians as having

β-thalassemia intermedia and who had received ≤10 red blood cell

(RBC) units during the 12 months prior to start of observation. The

latter was based on recent definitions used in clinical trials evaluating

novel agents targeting anemia in NTDT (≤5 RBC units during the

6 months prior to randomization—NCT03342404, NCT04770753).5

Patients were followed from January 1, 2010 until December

31, 2019, death, or loss to follow-up to reflect a 10-year observation

period prior to the Covid-19 pandemic when management, including

use of transfusion therapy, may have been impacted by resource limi-

tations and mobility restrictions.

For each patient, we retrieved data on age at baseline, sex, sple-

nectomy status, transfusion status, iron chelation status (yes vs. no,

year of initiation), serum ferritin level (annual average for each year

during follow-up), hemoglobin level (annual average for each year

during follow-up, pretransfusion in transfused patients), and comor-

bidities (yes vs. no, year of development). For transfusion status, we

retrieved the total number of RBC units received for each year during

follow-up. Patients were considered to have phenoconversion to TDT

when their annual number of RBC units received was >10 in any indi-

vidual year. The median number of records available per individual

year for hemoglobin level ranged between 3 and 4 and for serum fer-

ritin level, they ranged between 2 and 4. Evaluated comorbidities

included heart failure, pulmonary hypertension, liver fibrosis/cirrhosis,

hepatocellular carcinoma, diabetes, hypothyroidism, hypoparathyroid-

ism, and osteoporosis – all diagnosed per local standards. None of the

patients were receiving hydroxycarbamide or any other agent with

effects on erythropoiesis.

Descriptive statistics are represented as median (interquartile

range [IQR], min, max) or percentages. Bivariate correlations were

done using the Mann–Whitney U t-test (independent continuous),

Fisher's exact test (independent categorical), Wilcoxon signed-rank

test (paired continuous), and McNemar's test (paired categorical).

Receiver operating characteristic (ROC) curves were used to identify

the best thresholds to predict phenoconversion, using the highest

Youden Index (sensitivity + specificity � 1), and areas under the curve

(AUC) were estimated. Kaplan–Meier survival curves were con-

structed to estimate cumulative survival. Cox regression analyses

were used to estimate hazard ratios (HRs) and 95% confidence inter-

vals (CIs) of phenoconversion. Multivariate forward-stepwise models

were used to adjust for confounding effects. All p-values were two-

sided with the level of significance set at <.05.

A total of 305 adults with NTDT were included in this analysis,

with 169 (55.4%) being female (Table 1). The median age at baseline

was 39.8 years (IQR: 30.9–50.3, min: 18.5, max: 86.7). Patients were

followed for a median of 10 years (IQR: 10–10, min: 0.02, max: 10).

Ten (3.3%) patients died and 26 (8.6%) were lost to follow-up, with

the remaining 269 (88.2%) patients followed for the full period of

observation. A total of 86 (28.2%) patients were splenectomized

(82 at baseline and 4 performed during follow-up), 81 (26.6%)

received iron chelation (25 at baseline and 46 initiated during

follow-up), and 54 (17.7%) had a comorbidity (38 at baseline and

21 developed during follow-up). The most common comorbidities

were osteoporosis (n = 23 at baseline and n = 11 developed during

follow-up), hypothyroidism (n = 8 and n = 2), diabetes (n = 3 and

n = 2) heart failure (n = 5 and n = 0), liver fibrosis/cirrhosis (n = 0

and n = 3), pulmonary hypertension (n = 0 and n = 1), hepatocellular

carcinoma (n = 0 and n = 1), and hypoparathyroidism (n = 1 and

n = 0). The median hemoglobin level (period average) was 9.6 g/dL

(IQR: 8.7–10.4, min: 6.4, max: 14.7) and the median serum ferritin
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level (period average) was 475.3 ng/mL (IQR: 241.2–938, min: 12.4,

max: 16 400) (Table 1).

A total of 42 NTDT patients had phenoconversion to TDT for at

least 1 year according to the prespecified criteria, corresponding to a

crude phenoconversion rate of 13.8% (95% CI: 10.1–18.2) during the

10-year observation period. The median time to phenoconversion

was 5.5 years (IQR: 3.5–8.5, min: 1.5, max: 9.5) and the cumulative 3-,

5-, and 10-year phenoconversion-free survival rates were 95%, 92%,

and 85%. Figure 1 illustrates the annual amount of RBC received dur-

ing the 10-year observation period in patients who had at least 1 year

of phenoconversion to TDT. Among the 42 patients, 24 had sustained

phenoconversion for ≥3 consecutive years, while the remaining

18 patients had phenoconversion for <3 years and/or returned to an

NTDT status after temporary phenoconversion.

NTDT patients who had phenoconversion to TDT were signifi-

cantly more likely to have been splenectomized or receiving iron chela-

tion therapy prior to phenoconversion than patients who did not. They

were also significantly more likely to have developed a comorbidity dur-

ing follow-up, prior to phenoconversion. The median hemoglobin level

(period average), prior to phenoconversion, was significantly lower in

patients who had phenoconversion than those who did not. The

remaining variables were comparable between both groups (Table 1).

On multivariate, forward-stepwise Cox regression analysis including all

variables in Table 1 as independent variables, iron chelation receipt (HR:

2.503, 95% CI: 1.143–5.481, p = .022), development of comorbidity

during follow-up (HR: 4.561, 95% CI: 1.729–12.031, p = .022), and

median hemoglobin level (period average) (HR: 0.492 per 1 g/dL

increase, 95% CI: 0.357–0.677, p < .001) were significant and indepen-

dent risk factors for phenoconversion. On ROC curve analysis, a median

hemoglobin level (period average) of <8.5 g/dL was the best predictor

of phenoconversion (AUC: 0.762, 95% CI: 0.661–0.863, p < .001,

84.1% sensitivity, 59.3% specificity). Analyses restricted to patients with

‘sustained’ phenoconversion revealed similar association trends.

Patients were followed for a median of 4.5 years (IQR: 1.5–6.5, min:

0, max: 8.5) following phenoconversion. No deaths were documented

following phenoconversion. Two (4.8%) patients developed new comor-

bidities following phenoconversion compared with 6 (14.3%) newly

developing prior (p = .289). One (2.4%) patient underwent a new

splenectomy procedure following phenoconversion compared with one

(2.4%) newly performed prior (p = 1.000). Fifteen (35.7%) patients were

newly initiated on iron chelation therapy following phenoconversion

compared to 6 (14.3%) newly initiated prior (p = .078). The median

hemoglobin level (period average) increased from 8.4 g/dL (IQR: 7.5–9.3)

to 9.4 g/dL (IQR: 8.5–10) (p = .005), and serum ferritin level (period

average) increased from 483 ng/mL (IQR: 209.3–1030) to 619.1 ng/mL

(IQR: 389.3–1132.3) (p = .088) following phenoconversion.

Our data illustrate that NTDT to TDT phenoconversion in adult

patients with β-thalassemia is not uncommon. Low hemoglobin levels

and new morbidity development are associated with increased pheno-

conversion rates. This may be reflecting clinical practice change, espe-

cially in the last decade, in view of accumulating data on the

detrimental effects of untreated anemia in NTDT and evidence from

TABLE 1 Study parameters overall and in patients who had phenoconversion compared with those who did not.

Parameter All patients (n = 305)

Phenoconversion

p-ValueYes (n = 42) No (n = 263)

Age at baseline in years, median (IQR) 39.8 (30.9–50.3) 40 (31.5–47.1) 39.8 (30.9–50.8) .671

Female, n (%) 169 (55.4) 24 (57.1) 145 (55.1) .868

Splenectomy, n (%) 86 (28.2) 19 (45.2) 66 (25.1) .009

At baseline 82 (26.9) 18 (42.9) 64 (24.3) .015

Performed during follow-upa 4 (1.3) 1 (2.4) 2 (0.8) .360

Iron chelation, n (%) 81 (26.6) 15 (35.7) 51 (19.4) .025

At baseline 35 (11.5) 9 (21.4) 26 (9.9) .038

Initiated during follow-upa 46 (15.1) 6 (14.3) 25 (9.5) .406

Hemoglobin level in g/dL, median (IQR)

Annual average year 1 9.1 (8.2–10.2) 7.8 (7.1–8.6) 9.5 (8.6–10.5) <.001

Period average throughout follow-upa 9.6 (8.7–10.4) 8.4 (7.6–9.3) 9.7 (8.8–10.5) <.001

Serum ferritin level in ng/mL, median (IQR)

Annual average year 1 454.3 (175.7–835.6) 454.3 (175.7–835.6) 492.5 (179.9–841.5) .325

Period average throughout follow-upa 475.3 (241.2–938.0) 483 (209.3–1030) 461 (209.8–894.4) .723

Comorbidity, n (%) 54 (17.7) 11 (26.2) 41 (15.6) .119

At baseline 38 (12.5) 8 (19) 30 (11.4) .205

Developed during follow-upa 21 (6.9) 6 (14.3) 13 (4.9) .032

Note: Bold values indicate p < .05.

Abbreviation: IQR, interquartile range.
aValues relate to the period prior to phenoconversion in patients with phenoconversion.
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observational studies on the benefit of regular transfusion therapy.6,7

It also illustrates that patients at the severe end of the NTDT

spectrum are more likely to undergo phenoconversion and thus

require close monitoring and timely intervention to prevent further

morbidity progression. Whether similar trends will continue to be

observed following the introduction of pharmacologic agents target-

ing anemia in NTDT is yet to be determined.5 As observed in our

study, although transfusion therapy can effectively improve anemia, it

is associated with secondary iron overload and increased iron chela-

tion use. Patient and physician preferences for regular transfusion

therapy due to other reasons cannot be dismissed and could be evalu-

ated in future prospective studies, alongside the role of other clinical

and molecular modifiers not evaluated in this study.
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