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Acute leukemias remain a major health challenge worldwide, particularly in

children, adolescents, and older adults, with marked disparities in outcomes

between high- and low-income regions. For more than four decades, The Clıńica

Ruiz in Puebla, Mexico, has contributed to leukemia research and treatment

through pioneering strategies adapted to resource-constrained environments.

The early adoption of immunophenotyping improved diagnostic accuracy in

Mexico, while studies on nutritional status at diagnosis underscored its

prognostic impact in pediatric acute lymphoblastic leukemia (ALL). The

institution also demonstrated the feasibility and efficacy of pediatric-inspired

regimens in adolescents and young adults with ALL, challenging the use of more

toxic adult protocols. In acute myeloid leukemia (AML), contributions have

included the description of regional prevalence patterns, molecular

characterization, and the development of innovative outpatient therapeutic

approaches. Clı ́nica Ruiz further established one of the most active

hematopoietic stem cell transplantation (HSCT) programs in Latin America,

introducing cost-effective outpatient transplantation models—known as the

“Mexican method”—for both autologous and allogeneic modalities, including

haploidentical transplants. Collectively, these advances illustrate how strategies

designed in Mexico for limited-resource settings have not only improved

leukemia care locally but have also informed practices globally.
KEYWORDS
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Introduction
Leukemia is a hematologic malignancy characterized by

uncontrolled proliferation of white blood cells (1), derived from

transformed hematopoietic progenitor cells and accompanied by

diffuse infiltration of the bone marrow (2). Leukemia can be

classified by two different classification systems: disease course

(acute vs. chronic) or by cell lineage (myeloid vs. lymphoid) (2).

The major subtypes include acute lymphoblastic leukemia (ALL),

chronic lymphocytic leukemia (CLL), acute myeloid leukemia

(AML), and chronic myeloid leukemia (CML). Acute leukemias

remain a significant cause of morbidity and mortality worldwide,

particularly affecting children, adolescents, and older adults. ALL is

the most common childhood cancer worldwide, particularly in

children under 15 years, and accounts for approximately 80% of

pediatric acute leukemia cases (3, 4).

Recognized risk factors for leukemia include advanced age, male

sex, exposure to ionizing radiation, chemotherapy, rare congenital

syndromes, pre-existing hematologic disorders, smoking and

occupational or environmental contact with certain chemicals (5).

According to GLOBOCAN 2020, leukemia accounted for

approximately 2.5% of all new cancer cases and 3.1% of cancer-

related deaths worldwide (6). By 2022, the estimated global

incidence of leukemias increased to 5.3%. The highest

proportions were reported in Asia (46.6%), Europe (22.1%), and

Northern America (14.7%), reflecting both demographic structure

and registry coverage. In terms of mortality, Latin America and the

Caribbean ranked third with 28,670 deaths reported. These

mortality figures refer specifically to regional data, not global

comparisons. ALL has a higher incidence rate in the Latino

population (2, 3).

In Mexico, ALL is the most frequent childhood malignancy,

accounting for nearly half of all pediatric cancers. Flores et al.

developed a study in Mexico City which reported acute leukemia

(AL) incidence rate of 63.3 cases per million, being the highest

reported worldwide (7). Despite recent breakthroughs in cellular

therapies—such as CAR-T cells—access remains limited in low-

and middle-income countries, making conventional treatment

strategies the cornerstone of leukemia care in these settings.

Clıńica Ruiz began contributing to leukemia research in the

early 1980s. One of its earliest studies documented the use of low-

dose cytosine arabinoside to induce cellular differentiation and

achieve remission in acute leukemia—an early, pioneering

attempt to explore non-intensive therapeutic strategies suitable

for resource-limited environments (8).

For more than four decades, the Centro de Hematologıá y

Medicina Interna de Puebla, located at Clıńica Ruiz has been

active in leukemia diagnosis, treatment, and clinical research. Its

contributions range from pioneering the immunological

classification of acute leukemias in Mexico —facilitating accurate

diagnosis and risk stratification— (9) to generating critical evidence

on the impact of nutritional status on the prognosis of children with

ALL (10). This latter finding has been particularly relevant in the
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Mexican context, where undernutrition remains prevalent and may

significantly compromise treatment intensity and outcomes (11).

Over the years, the institution has played a key role in adapting and

optimizing diagnostic and therapeutic regimens for both ALL and

AML. This center’s experience includes prospective studies in

adolescents, treatment approaches tailored to favorable-risk

subtypes based on molecular characterization, and, more recently,

the implementation of venetoclax combined with azacitidine in

elderly or unfit AML patients, in line with international standards

(12). Clıńica Ruiz has an extensive expertise in hematopoietic stem

cell transplantation (HSCT), encompassing both autologous and

allogeneic modalities (13, 14). Long-term outcomes with allogeneic

HSCT have been particularly demonstrated in high-risk ALL and

AML across both pediatric and adult populations, while autologous

transplantation remains valuable in selected cases.

This review summarizes the historical and current contributions

of Clıńica Ruiz to the treatment of acute leukemias. Drawing

exclusively on published data, we aim to contextualize this center’s

scientific output within global advances and highlight the relevance of

tailored approaches in resource-constrained environments.
Acute leukemia immunophenotyping

In the mid-1980s, Clıńica Ruiz, in collaboration with

Laboratorios Clıńicos de Puebla, became one of the first

institutions in Mexico to implement monoclonal antibody-based

immunophenotyping for the characterization of acute leukemias. At

that time, diagnosis in most of the country relied on morphology

and cytochemistry leading to inconclusive cases with atypical

presentation. By employing a comprehensive panel of monoclonal

antibodies against lineage-specific antigens—including von

Willebrand factor (FVIII:vWF), glycoprotein IIb/IIIa (CD41),

glycoprotein IX (CD42), and glycoprotein Ib (CD42)—the team

was able to distinguish between ALL and AML subtypes, and to

identify rare entities such as acute megakaryoblastic leukemia (M7-

AML) (15). This methodology proved particularly valuable for cases

with ambiguous morphology, where conventional cytochemistry

alone was insufficient. The robustness of the approach was

confirmed in a multicenter study—including three Mexican

centers and one in Spain— which reported that 90% of M7-AML

expressed two or more megakaryocytic markers, confirming the

solidity of this immunologic approach. This early adoption of

immunophenotyping improved diagnostic accuracy and

prognostic stratification in patients treated at Clıńica Ruiz and

contributed to the progressive national adoption of this technique.

Although the exact percentage of its current use at a national level

remains undetermined, within our institution it has been

consistently incorporated as part of the standard diagnostic

approach. It also enabled the institution to establish research

collaborations with international centers, including the Hospital

Universitario de Salamanca, laying the groundwork for the

subsequent incorporation of molecular and cytogenetic methods

into leukemia diagnostics in Mexico (15).
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Acute lymphoblastic leukemia

Building upon this diagnostic foundation, the institution also

explored variables that were often overlooked in clinical practices,

especially in resource-constrained settings. One such variable was

the patient`s nutritional status at diagnosis. In a prospective study

conducted at Clıńica Ruiz and affiliated institutions, 103 children

with newly diagnosed ALL were evaluated for weight-for-age at

presentation. Patients were categorized as undernourished (≤80% of

ideal body weight) or well-nourished (>80%). Findings

demonstrated that undernourished children had a lower

probability of remaining in continuous complete remission at 36

months (28% vs. 62%; p < 0.05), and a higher relapse rate (52% vs.

24%) compared to their well-nourished counterparts. Additionally,

the cumulative chemotherapy dose administered to undernourished

patients was significantly lower (mean 72% of planned dose) than

that received by well-nourished patients (mean 94%), suggesting

that nutritional deficits may limit treatment intensity due to

increased toxicity. This work provided some of the earliest

evidence from Latin America linking malnutrition to inferior

leukemia outcomes (10). It underscored the need for nutritional

assessment and intervention as integral components of pediatric

ALL management, especially in low- and middle-income countries

where undernutrition remains prevalent. Subsequent studies in

other geographic and ethnic settings have corroborated these

findings, further validating the prognostic importance of baseline

nutritional status in childhood ALL, despite variations in patient

populations (16).

Scientists in Clıńica Ruiz conducted a prospective study

evaluating a modification of the St. Jude Total XI protocol for the

treatment of ALL in 43 adolescents aged 15–19 years. The complete

remission (CR) rate after induction was 93%, with a median follow-

up of 38 months. The probability of continuous complete remission
Frontiers in Hematology 03
(CCR) at 4 years was 56%, and the overall survival (OS) at the same

time point was 63%. Treatment-related mortality was low, with only

two deaths during induction. Importantly, outcomes in this

adolescent cohort mirrored those reported in younger pediatric

populations, challenging the historically poorer results observed

when adult regimens were applied to this age group and reinforcing

the rationale for pediatric-inspired protocols in adolescents and

young adults. The results of this study were proved superior to those

obtained with more aggressive combinations of chemotherapy, such

as the Hyper-CVAD, with the additional advantage of the

outpatient delivery of the treatment in most cases. The favorable

results obtained in young adults were also found in children treated

at Clıńica Ruiz (17), thus making the “Puebla modification” to the

St. Jude Total XI protocol a good therapeutic option for patients

with ALL, preferable to the traditional Hyper-CVAD and similar

regimens, which are still employed in several centers within the

country and associated with increased morbidity and mortality (18).

A high proportion of the Ikaros-gene deleted cases of ALL was

found in Clıńica Ruiz, higher than national averages. This difference

may be related to the fact that other institutions in Mexico do not

routinely perform this test, potentially underestimating its

prevalence (19).
Acute myeloblastic leukemia

Scientists of Clıńica Ruiz identified and described the first cases

in Latin America of acute megakaryoblastic leukemias (M7-AML),

suggesting therapeutic approaches for this by then newly identified

variant of AML (15). The unusually high prevalence of acute

promyelocytic leukemia (APL) in México, initially identified in

Mexican-Americans in Los Angeles, CA, was confirmed by

scientists of Clıńica Ruiz, who were very active in describing
FIGURE 1

Clinical and scientific advances in acute leukemias at Clıńica Ruiz in Puebla, México: A 40-Year timeline (1984-2025).
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treatment methods of this type of acute myelogenous leukemia,

proving that this malignancy can be effectively treated on an

outpatient basis (20). International multi-institutional studies

confirmed both the high prevalence of APL in Latin American

mestizos (21) and the genetic origin of this difference as compared

with Caucasians (22, 23). The first cases of the molecular

classification of the AML in México were described in Clıńica

Ruiz (9), making clear that the prevalence of core-binding factor

(CBF) mutated AML in México was similar to that described in

Caucasians (24), and associated with an improved prognosis (15).
Hematopoietic stem cell
transplantation program for AL

Over the last three decades, Clıńica Ruiz has also established a

highly active HSCT program. The first HSCT conducted in Clıńica

Ruiz was offered to a patient with relapsed ALL in 1983 (25) and

since then autologous and allogeneic procedures in acute leukemias

have been done to patients with acute leukemia in Clıńica Ruiz. The

HSCT program in Clıńica Ruiz has been conducted in close relation

to the HSCT program in Hospital Universitario de Nuevo León, and

together papers describing the results of HSCT both in ALL and

AML have been published (26, 27). A distinctive feature of this

program has been the successful application of outpatient

myeloablative chemotherapy and HSCT—an uncommon practice

worldwide—achieved through stringent patient selection,

meticulous supportive care, and rigorous outpatient monitoring,

and the use of reduced intensity conditioning (28). This strategy has

been associated with reduced infection rates, shortened hospital

stays, comparable survival outcomes, diminished complications,

diminished prevalence and severity of graft versus host disease

and substantial cost savings, positioning it as a potentially replicable

model for resource-limited settings. Collectively, these results

underscore the dual contribution of the institution pioneering

cost-effective outpatient transplantation models that may serve as

a reference for resource-limited settings (25). Results of the

modified methods to conduct HSCT (the now called “Mexican

methods”) in patients with either ALL or AML have been published

(29, 30). After gaining expertise in outpatient-based allo-HSCT,

transplanters at Clıńica Ruiz have engaged in haploidentical

transplantation, demonstrating that dose-reduction of post-

transplant cyclophosphamide, allo-HSCT can be completed fully

on an outpatient basis in most patients (31) and that the

complications of the transplant are substantially diminished (32).
Conclusion

Clıńica Ruiz has significantly shaped the landscape of acute

leukemia care in México and possibly Latin America. Through early

adoption of immunophenotyping, the institution advanced

diagnostic precision and risk stratification beyond conventional

cytochemistry. Pioneering studies on pediatric nutritional status

revealed its critical influence on treatment intensity and outcomes,
Frontiers in Hematology 04
while innovative outpatient hematopoietic stem cell transplantation

programs demonstrated that complex therapies can be safely and

effectively delivered in resource-limited settings. The chronological

progression of these achievements is illustrated in Figure 1, which

summarizes the major milestones that have defined the institution’s

impact on acute leukemia care. Together, these contributions

exemplify the integration of rigorous diagnostics, supportive care,

and adaptable treatment strategies, positioning Clıńica Ruiz as a

benchmark for leukemia management in both regional and

global contexts.

Beyond these contributions, the experience of Clıńica Ruiz

highlights broader lessons for low- and middle-income countries

(LMICs). Similar cooperative efforts in Brazil (GBTLI) and Central

America (AHOPCA) also illustrate how resource-tailored strategies

can improve leukemia care. Key enablers of Clıńica Ruiz’s success

include its hybrid private–academic model, sustained leadership,

and international collaborations. Major barriers such as economic

constraints and limited access to novel therapies were overcome

through pragmatic innovations such as outpatient HSCT. These

experiences show that even highly complex therapies can be

successfully adapted to resource-limited settings when stringent

supportive protocols and patient monitoring are ensured. Looking

ahead, the center aims to expand haploidentical HSCT and

progressively integrate precision medicine and affordable cellular

therapies, offering replicable strategies that can inform leukemia

care in LMICs worldwide The progressive damage inflicted to the

public health system in México and other LMICs should be

envisioned as an opportunity to improve the private practice

health system and in turn, to benefit a larger number of

patients worldwide.
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Alberto-López et al. 10.3389/frhem.2025.1694708
Writing – original draft. JO: Writing – original draft, Writing –

review & editing. GR-D: Writing – original draft, Writing – review

& editing. GR-A: Writing – original draft, Writing – review

& editing.
Funding

The author(s) declare that no financial support was received for

the research, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Frontiers in Hematology 05
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible.

If you identify any issues, please contact us.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Bose P, Bandyopadhyay S. A comprehensive assessment and classification of acute
lymphocytic leukemia. Math Comput Appl. (2024) 29:452024.

2. Huang J, Chan SC, Ngai CH, Lok V, Zhang L, Lucero-Prisno DE3rd, et al. Disease
burden, risk factors, and trends of leukaemia: A global analysis. Front Oncol. (2022)
12:904292. doi: 10.3389/fonc.2022.904292

3. Elisa Q, Ibrahim A, Vinod P, Eduardo R, Guido M, Dan D. The emerging story of
acute lymphoblastic leukemia among the Latin American population – biological and
clinical implications. Blood Rev. (2019) 33:98–105. doi: 10.1016/j.blre.2018.08.002.
ISSN 0268-960X.

4. Belson M, Kingsley B, Holmes A. Risk factors for acute leukemia in children: a
review. Environ Health Perspect. (2007) 115:138–45. doi: 10.1289/ehp.9023

5. Bispo JAB, Pinheiro PS, Kobetz EK. Epidemiology and etiology of leukemia and
lymphoma. Cold Spring Harb Perspect Med. (2020) 10:a034819. doi: 10.1101/
cshperspect.a034819

6. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/
caac.21660
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Ruiz in Puebla, México: A 66-year experience. Rev Hematol Mex. (2022) 23:169–212.
doi: 10.24245/rev_hematol.v23i3.8186
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