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ABSTRACT
Cyclophosphamide (CPD) is a widely used antineoplastic and immunosuppressive agent with well-established effects on 
adaptive immunity, particularly through the modulation of T lymphocyte populations. Objective: This study aimed to 
discuss the hypothesis that CPD-mediated immunomodulation may modify the development and progression of apical 
periodontitis (AP), influencing disease expression, bone resorption, and periapical healing. Material and Methods: A 
consultation of the scientific literature was conducted to develop and adequately support the proposed hypothesis. Articles 
related to the topic were identified using keywords referring to cyclophosphamide, apical periodontitis, immunomodulation, 
and T lymphocytes. The evidence retrieved was analyzed and integrated by considering the immunomodulatory effects 
of CPD, the immunopathogenesis of AP, and the role of T lymphocyte subsets in the regulation of inflammation, cytokine 
production, bone resorption, and tissue repair. Results: The available evidence indicates that CPD exerts dose-dependent 
immunomodulatory effects, including the selective regulation of regulatory T lymphocytes. T lymphocytes play a central 
role in the complex immune response involved in AP by influencing cytokine production, inflammatory regulation, and 
the balance between bone resorption and repair. Therefore, CPD-induced alterations in T lymphocyte subsets may modify 
the inflammatory response associated with AP and, consequently, influence its development, progression, and healing. 
Conclusion: CPD-mediated immunomodulation is biologically plausible as a potential modifier of AP. Experimental and 
clinical studies are needed to test this hypothesis and determine its implications for the diagnosis, treatment, and follow-up 
of endodontic diseases in patients undergoing CPD therapy.
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RESUMO
A ciclofosfamida (CPD) é um agente antineoplásico e imunossupressor amplamente utilizado, com efeitos bem estabelecidos 
sobre a imunidade adaptativa, especialmente por meio da modulação das populações de linfócitos T. Objetivo: Este estudo 
teve como objetivo discutir a hipótese de que a imunomodulação mediada pela CPD possa modificar o desenvolvimento e 
a progressão da periodontite apical (PA), influenciando a expressão da doença, a reabsorção óssea e o reparo periapical. 
Material e Métodos: Foi realizada uma consulta à literatura científica para elaborar e fundamentar adequadamente a 
hipótese proposta. Foram consultados artigos relacionados ao tema, localizados por meio da busca de palavras-chave 
referentes à ciclofosfamida, periodontite apical, imunomodulação e linfócitos T. As evidências encontradas foram 
analisadas e integradas considerando os efeitos imunomoduladores da CPD, a imunopatogênese da PA e o papel das 
subpopulações de linfócitos T na regulação da inflamação, na produção de citocinas, na reabsorção óssea e no reparo 
tecidual. Resultados: As evidências disponíveis indicam que a CPD exerce efeitos imunomoduladores dependentes da 
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INTRODUCTION

C y c l o p h o s p h a m i d e  ( C P D )  i s  a n 
immunosuppressive drug whose mechanism of 
action involves inducing apoptosis and reducing 
the homeostatic proliferation of regulatory T 
lymphocytes (Treg; Figure 1). CPD is used in the 
treatment of haematological malignancies, including 
lymphoma and leukaemia, as well as epithelial 
tumours such as those of the breast, ovaries, and 
small cell lung carcinomas [1,2]. In addition to its 
role in antineoplastic chemotherapy, CPD is also 
employed in the treatment of autoimmune and 
immune-mediated diseases, such as lupus nephritis, 
Wegener’s granulomatosis, and multiple sclerosis. 
Moreover, it is part of the conditioning regimen 
preceding bone marrow transplantation for 
hematological malignancies and is used in treating 
aplastic anaemia. Prolonged use of CPD results in 
immune system suppression [3-5]. Discovered in 
1958, CPD is one of the oldest anticancer drugs and 
is recognized as a highly successful chemotherapy 
agent, listed among the World Health Organization 
(WHO) essential medicines.

CPD can be administered oral ly  or 
intravenously. High doses (generally exceeding 
120 mg/kg) exert a direct cytotoxic effect on 
tumor cells. However, such dosages can cause 
numerous side effects, including haemorrhagic 
cystitis and, in more severe cases, cardiac 
toxicity [6]. In contrast, low-dose CPD is generally 
well tolerated, with a significantly reduced risk of 
side effects. At these doses, its therapeutic effects 
are primarily attributed to immunomodulatory 
mechanisms, particularly the selective induction 
of apoptosis in Tregs, resulting in enhanced 
antitumor immune responses [7,8].

Apical periodontitis (AP) is an inflammatory 
disease of endodontic origin that develops as a 
consequence of microbial infection of the root 
canal system, typically following carious lesions 

or dental trauma [9]. Microorganisms and 
their byproducts gain access to the pulp space, 
leading to pulp necrosis and the establishment 
of a persistent infection that triggers an 
immunoinflammatory response in the periapical 
tissues [10-12]. This response is characterized 
by the recruitment and activation of innate and 
adaptive immune cells, including macrophages, 
dendritic cells, B lymphocytes, and T lymphocytes, 
along with the release of pro-inflammatory 
cytokines, chemokines, and immunoregulatory 
mediators [13,14]. The dynamic interaction 
among these immune components plays a central 
role in the progression, stabilization, or resolution 
of periapical lesions, with T lymphocytes emerging 
as key regulators of inflammation, bone resorption, 
and tissue repair in AP. However, the potential 
impact of CPD-induced immunomodulation on 
the development of apical periodontitis remains 
poorly understood (Figure 2).

BIOLOGICAL RATIONALE LINKING CPD 
AND AP

C P D  i s  a n  a n t i n e o p l a s t i c  a n d 
immunosuppressive agent with well-documented 
dose-dependent effects on the immune system, 
particularly on T lymphocyte populations. While 
high doses induce broad cytotoxicity, low doses 
selectively modulate immune responses by 
affecting Treg and altering cytokine secretion 
profiles [7,15]. Experimental and clinical studies 
indicate that CPD can reduce Treg homeostasis and 
function, thereby enhancing effector T lymphocytes 
activity and modifying immune regulation [16-18].

AP is a multifactorial inflammatory disease 
characterized by a complex interplay between 
innate and adaptive immune responses triggered 
by microbial infection of the root canal system. 
The establishment and progression of periapical 
lesions involve the coordinated activity of 

dose, incluindo a regulação seletiva dos linfócitos T reguladores. Os linfócitos T desempenham papel central na complexa 
resposta imunológica envolvida na PA, influenciando a produção de citocinas, a regulação da inflamação e o equilíbrio 
entre a reabsorção e o reparo ósseo. Dessa forma, alterações nas subpopulações de linfócitos T induzidas pela CPD 
podem modificar a resposta inflamatória associada à PA e, consequentemente, influenciar seu desenvolvimento, sua 
progressão e seu reparo. Conclusão: A imunomodulação mediada pela CPD apresenta plausibilidade biológica como 
potencial modificadora da PA. Estudos experimentais e clínicos são necessários para testar essa hipótese e determinar suas 
implicações para o diagnóstico, o tratamento e o acompanhamento das doenças endodônticas em pacientes submetidos 
à terapia com CPD.

PALAVRAS-CHAVE
Periodontite apical; Ciclofosfamida; Endodontia; Imunomodulação; Linfócitos T.
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Figure 1 – Mechanism of action of cyclophosphamide. Cyclophosphamide is a drug used in the treatment of various autoimmune disorders 
and in chemotherapy regimens. After administration, cyclophosphamide is metabolized in the liver and is an alkylating agent belonging to 
the oxazaphosphorine group. It can be administered orally or intravenously, with the dose varying according to the clinical condition being 
treated. This alkylating agent acts through three main mechanisms: first, alkylation of DNA bases occurs, resulting in the fragmentation of 
deoxyribonucleic acid due to the action of repair enzymes attempting to replace the alkylated bases, thereby inhibiting DNA synthesis 
and ribonucleic acid transcription. Second, cross-links form between atoms in the affected DNA, preventing the separation of DNA strands 
necessary for synthesis or transcription. Third, cyclophosphamide induces incorrect nucleotide pairing, leading to mutations.

Figure 2 – Relationship between the development of periradicular lesion and the use of cyclophosphamide. Different types of injuries can lead 
to endodontic infections, resulting in periapical lesions. Following bacterial proliferation and the extension of their toxic products to the root 
apex, an immune response is triggered, recruiting inflammatory cells such as neutrophils, macrophages, and lymphocytes to the area to contain 
the bacterial infection. At this point, the cells release inflammatory mediators, such as cytokines and prostaglandins, which promote the 
inflammatory response, attract more defense cells, and cause degradation of the periapical tissues. The lesion then progresses through various 
stages until it becomes chronic. During this process, bone resorption occurs, driven by osteoclasts in response to the defense mechanisms 
acting to contain the infection. The hypothesis of this study explores how cyclophosphamide may affect this inflammatory response, given that 
this medication directly impacts cellular response and bone metabolism.
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neutrophils, macrophages, dendritic cells, 
osteoclasts, and multiple cytokine networks 
that regulate host defense, bone resorption, 
and t issue repair .  Within this  complex 
osteoimmune environment, T lymphocytes 
play an important immunoregulatory role 
by modulating inflammatory responses and 
osteoclastogenesis rather than acting as the 
sole determinants of disease progression. T 
lymphocytes–mediated pathways contribute 
to periapical tissue destruction through the 
production of pro-inflammatory cytokines, such 
as interleukin (IL)-1, IL-6, and tumor necrosis 
factor (TNF)-α, which promote osteoclast 
differentiation and bone resorption via RANKL-
dependent mechanisms [14,19,20]. Therefore, 
the present hypothesis focuses on one specific 
immunological pathway through which CPD may 
influence the biological behavior of AP.

Distinct T lymphocyte subsets, including 
Th1, Th2, Th17, and Treg, orchestrate the 
balance between destructive and reparative 
processes in AP. Th1 and Th17 responses are 
associated with enhanced inflammation and bone 
resorption, whereas Th2 and Treg-associated 
cytokines contribute to immune regulation and 
periapical healing [13,21-24]. Disruption of this 
balance has been implicated in lesion progression 
and impaired repair.

Low-dose CPD has been shown to shift 
immune responses toward a pro-inflammatory 
phenotype by increasing Th1-associated 
cytokines, such as interferon (IFN)-γ and IL-2, 
while reducing Th2- and Treg-related mediators, 
including IL-4 and IL-10 [8,25,26]. Given that 
these immune pathways are directly involved 
in the pathogenesis and healing of AP, CPD-
induced modulation of T lymphocyte subsets 
may alter the inflammatory microenvironment of 
periapical tissues, influencing lesion development, 
progression, and repair.

Despite the widespread clinical use of 
CPD, its potential impact on apical periodontitis 
remains poorly explored. Understanding how 
CPD-mediated immune modulation affects 
periapical disease may provide important 
insights into endodontic diagnosis and treatment 
outcomes in immunosuppressed patients.

Beyond systemic immune modulation, 
the periapical region represents a unique 
immunological microenvironment in which 
local immune responses are continuously shaped 

by microbial stimuli and tissue-derived signals. 
The balance between pro-inflammatory and 
regulatory pathways within this niche is critical 
for determining whether apical periodontitis 
progresses, stabilizes, or resolves. Disruption of 
this finely tuned equilibrium may result in altered 
inflammatory patterns, even in the absence of 
significant changes in microbial load.

CPD-induced immunomodulation may exert 
differential effects at systemic and local levels. 
While systemic immunosuppression is a recognized 
outcome of CPD therapy, local immune responses 
within periapical tissues may be selectively 
altered rather than uniformly suppressed. This 
selective modulation could influence immune cell 
recruitment, cytokine gradients, and osteoimmune 
signalling pathways, potentially modifying lesion 
behaviour and radiographic expression.

Particular attention should be given to the Treg/
Th17 axis, which has emerged as a critical regulator 
of inflammatory bone diseases. Experimental 
evidence suggests that CPD-induced depletion or 
functional impairment of Treg cells may favour 
Th17-driven inflammation, leading to increased 
production of IL-17 and enhanced recruitment of 
neutrophils and osteoclast precursors. In the context 
of apical periodontitis, such shifts may exacerbate 
inflammatory bone resorption or interfere with the 
resolution phase of the lesion.

Importantly, immune-mediated modulation 
of periapical inflammation may contribute 
to a dissociation between clinical symptoms, 
radiographic findings, and histopathological 
activity. Evidence from other immunosuppressive 
conditions suggests that alterations in host 
immune responses may reduce the radiographic 
expression of apical periodontitis despite persistent 
inflammation within periapical tissues. Whether 
this also occurs during CPD therapy remains 
unknown and warrants further investigation.

It  should be emphasized that these 
immunological effects are dose dependent. While 
low-dose CPD preferentially modulates Treg and 
enhances effector immune responses, high-dose 
CPD causes generalized lymphodepletion and 
systemic immunosuppression. These distinct 
pharmacological profiles may lead to different 
effects on AP. Therefore, the present hypothesis 
specifically addresses the biological consequences 
of low-dose CPD, since its selective modulation of 
T lymphocyte subsets provides the most plausible 
mechanistic link with AP immunopathogenesis.
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To date, no direct experimental evidence has 
demonstrated that CPD induces modulation of the 
Treg/Th17 balance within AP lesions. Accordingly, 
the present hypothesis is based on the biological 
plausibility derived from the well-established 
immunomodulatory effects of CPD observed in 
other experimental and clinical settings, which 
warrant investigation in the context of AP.

THE HYPOTHESIS

Based on the selective immunomodulatory 
effects of low-dose CPD on Treg and Th1/Th17 
responses, we hypothesize that low-dose CPD 
enhances the immunoinflammatory response 
associated with AP by promoting a Th1/Th17-
skewed immune profile, resulting in increased 
inflammatory bone resorption and delayed 
periapical healing. Conversely, high-dose CPD, due 
to its broad immunosuppressive effects, may lead 
to a distinct biological response, which falls outside 
the primary scope of the present hypothesis.

Although CPD induces well-characterized 
systemic immunomodulatory effects, these 
changes may not be fully reproduced within 
the local periapical microenvironment. Immune 
responses in AP are continuously shaped by 
persistent microbial stimulation, local cell–
cell interactions, and tissue-specific signaling 
pathways, which may modify or counterbalance 
systemic immune alterations. Therefore, the 
present hypothesis assumes that systemic 
immunomodulation may influence, but not 
necessarily determine, the local immune response 
within periapical lesions, highlighting the need 
for direct experimental investigation.

FUTURE DIRECTIONS

The hypothesis proposed in this study 
highlights several directions for future research 
aimed at clarifying the influence of CPD-induced 
immunomodulation on the development, 
expression, and healing of AP. Observational 
clinical studies, including cross-sectional, case–
control, and cohort designs, may contribute to a 
better understanding of the association between 
CPD use and periapical disease, particularly 
regarding lesion prevalence, radiographic 
detectability, and treatment outcomes. Such 
studies may help identify whether systemic 
immunosuppression modifies the clinical and 
radiographic presentation of AP.

However, when designing future clinical 
studies, potential confounding factors should 
be carefully considered. Patients receiving CPD 
frequently undergo concomitant therapies, 
including corticosteroids, other chemotherapeutic 
agents, antibiotics, or immunomodulatory drugs, 
and may present systemic conditions and oral 
health characteristics that independently influence 
the development and progression of AP. Therefore, 
future studies should control for these variables 
through appropriate study design and statistical 
adjustment to better isolate the specific contribution 
of cyclophosphamide to periapical disease.

E x p e r i m e n t a l  s t u d i e s  u s i n g 
immunosuppressed animal models represent an 
important approach to investigate the biological 
mechanisms underlying CPD-mediated modulation 
of periapical inflammation. Experimental studies 
should compare CPD-treated and untreated 
animals using micro-computed tomography to 
evaluate periapical bone loss, histological analysis 
to characterize the inflammatory infiltrate, 
and molecular approaches to assess Treg and 
Th17 cell populations, RANKL/OPG expression, 
and key cytokines involved in bone resorption 
and immune regulation, such as IL-1β, IL-6, 
IL-10, IL-17, TNF-α, and IFN-γ. These models 
may clarify how alterations in T lymphocyte 
subsets and cytokine expression influence 
bone resorption and periapical tissue repair, 
providing mechanistic insights that are difficult 
to obtain in clinical settings. Complementary 
analyses focusing on inflammatory mediators 
and immune cell profiles could further elucidate 
the pathways involved in AP progression and 
healing under immunosuppressive conditions. 
The CPD regimen, including dose and treatment 
duration, should be defined according to the 
specific experimental objectives and clinical 
context, following multidisciplinary planning and 
established therapeutic protocols.

If confirmed, this hypothesis may have 
relevant clinical implications for endodontic 
diagnosis and treatment planning in patients 
receiving CPD. Emerging evidence from studies 
involving different immunosuppressive and 
immunomodulatory therapies suggests that these 
medications may influence the radiographic 
detectability of AP, although the findings remain 
heterogeneous and are not specific to CPD [27-29]. 
Therefore, reduced radiographic expression 
should not necessarily be interpreted as reduced 
disease activity, as ongoing inflammatory 



6 Braz. Dent. Sci. 2026; 29 : e5207

Maia CA et al. Cyclophosphamide-induced immunomodulation as a potential 
modifier of apical periodontitis: a hypothesis-based study

Maia CA et al. Cyclophosphamide-induced immunomodulation as a potential 
modifier of apical periodontitis: a hypothesis-based study

processes may still be present at the tissue level. 
Given that the immune mechanisms involved in 
lesion formation also participate in periapical 
healing, CPD-induced immune modulation 
may affect both disease progression and post-
treatment repair.

Understanding the impact of CPD on 
periapical immune responses may therefore 
support more individualized clinical monitoring 
strategies and encourage further translational 
research  in tegra t ing  immunology  and 
endodontics.
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