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Breast cancer is the most common neoplasm and the fi fth cause of death among females. The etiology and pathogenesis of this 

malignancy are multifactorial. The occurrence of neoplasms in solid organ recipients treated with immunosuppressive drugs is 

2 to 3 times higher than in the general population. Females with kidney transplants are also in the at-risk population. The aim 

of this article is to review recent literature on immunosuppression and the effect it has on breast cancer prevalence in kidney 

transplant recipients; to discuss the proposed pathologic mechanisms of breast cancer owing to concurrent immunosuppressive 

treatments; and to review breast cancer screening recommendations for kidney transplant recipients. To attain relevant literature, 

we conducted literature search using PubMed databases, see PRISMA Diagram (Figure 1). The following MeSH Terms were used in 

the search: “breast cancer”; “risk factors”; “cancer screening”; “kidney transplantation”; “immunosuppression”; and “cancer”. We 

reviewed a total of 409 articles after having applied exclusion criteria. These articles included randomized controlled trials, reviews, 

and systematic reviews. Importantly, we also utilized references from other review/primary research articles to attain additional 

relevant information previously not captured from our initial research. Breast cancer is the third leading malignant cause of death 

in Croatia, preceding lung and colorectal carcinoma. Generally, breast cancer develops due to a combination of hormonal, genetic 

and age-related factors. However, a signifi cant risk factor and critical motif in carcinogenesis is immunosuppression. Carcinogenic 

environmental factors, disturbed function of the immune system due to chronic use of immunosuppressive drugs, and genetic 

make-up infl uence the process of carcinogenesis in transplant patients. Immunosuppression reduces immunosurveillance 

that predisposes patients to increased viral oncogenesis and general carcinogenesis causing cancer to be the second most 

frequent cause of death in post-kidney transplant patients. Particularly, kidney transplant recipients are prone to carcinogenesis 

due to lifelong immunosuppressive regimens. Importantly, differences in cancer risk depend on the kidney recipient's cancer 

type. Certain malignancies, such as breast cancer, are not affected by immunosuppression as their relative risk is comparable 

to that of the general population. Due to the limited number of articles addressing post-transplant breast cancer (PTBC), we 

present here a comprehensive review of the topic, current understanding of its pathophysiology, and the role of screening in its 

diagnosis, treatment and overall management. The risk of developing PTBC in kidney transplant recipients is not increased when 

compared to the general population. It appears that the development of breast cancer in kidney transplant recipients is unrelated 

to transplantation immunosuppressive regimen and is mostly associated with aging and independent risk factors that can lead 

by themselves to kidney transplantation such as diabetes mellitus. Due to screening programs, PTBC is usually diagnosed early. 

However, if PTBC is diagnosed in advanced grades, it is associated with signifi cantly increased mortality risk. Therefore, it is 

recommended that patients be screened periodically compared to their age- and gender-matched counterparts from the general 

population. Notably, this is an area of ongoing research and requires further investigation. Due to the rarity of PTBC and scarce 

resources on the topic, most guidelines are extrapolated from the general population and are not corresponding to the minimal risk 

of developing PTBC. Similarly, treatment guidelines are inferred from the general population and do not account for the particular 

considerations in these patients such as graft survival, graft rejection, nephrotoxic chemotherapeutic drugs, and concurrent 

administration of immunosuppression. It is worth mentioning that the heterogeneity of results discussed in our review is perhaps 

due to differing immunosuppressive regimens, type of organ transplantation, concomitant comorbidities, length of follow-up, 

and screening protocols used. To draw clear guidelines tailored for this population, further investigation into the mechanisms of 

disease is warranted, with prolonged follow-up time in patients on differing immunosuppressive regimens to allow for subsequent 

comparison.
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BREAST CANCER

Epidemiology and outcomes

Breast cancer has surpassed lung cancer as the most 
commonly diagnosed cancer and is the fi ft h leading 
cause of death among women. Th ese patterns and 
trends diff er from country to country. However, ap-
proximately 2.3 million women were diagnosed with 
breast cancer in 2020 worldwide. Th ese cases were 
associated with 685,000 deaths (1). Currently, 1 in 8 
women worldwide has a lifetime risk of developing 
breast cancer (2). In Croatia, breast cancer is the third 
leading malignant cause of death, preceded by lung 
and colorectal cancer. In 2017, 2797 patients were di-
agnosed (rate 132.1/100,000), and by 2019, 752 women 
died from the disease, yielding a rate of 35.9/100,000 
(3,4). Despite signifi cant advancements in the preven-
tion, diagnosis and treatment, various fundamental 
unresolved problems remain.

Figure 1. PRISMA Diagram illustrating search methods with 
inclusion and exclusion process. 

Pathogenesis

Breast cancer development is multifactorial, and the 
exact pathogenesis of this disease has not yet been 
clarifi ed. Understanding its heterogeneity is essential 
for both preventive and targeted interventions. Th e 
cancer stem cell theory and the stochastic theory are 
two hypotheses on breast cancer initiation and devel-
opment. Notably, both assumptions are supported by 
numerous data, but neither can ultimately shed light 
on its origin (5).

Screening

Breast cancer metastases account for its incurability, 
and 90% of deaths are associated with the disease. If 
breast cancer is diagnosed while it remains a primary 
tumor, treatment strategies may be eff ective (6). Con-
sequently, timely detection remains the foundation of 
breast cancer treatment, which has led mainly to better 
prognosis together with a higher survival rate. Cur-
rent screening tools include mammography, magnetic 
resonance imaging (MRI), and ultrasound as an adju-
vant. Mammography is an eff ective modality to acquire 
high-resolution images of the breast. Despite its short-
comings, it remains the most widely validated method 
for early detection. It is recommended that women over 
50 be screened every two years. Unlike mammogra-
phy, MRI is highly sensitive, and results are not altered 
based on density of the breast. In contrast, the specifi ci-
ty of this modality is lower than that of mammography. 
Th us, this is especially useful in high-risk patients who 
present with negative mammography results (7).

Risk factors

Multiple risk factors have been identifi ed as contrib-
utors to breast tumorigenesis. For many years, it has 
been understood that genetic and environmental 
modifi cations predominantly drive the initiation and 
progression of breast cancer. Moreover, recent inves-
tigations have determined that epigenetic alterations 
also promote carcinogenesis within the tumor micro-
environment (5,8). 

Breast cancer incidence is highly related to both age 
and female sex. According to Siegel et al., 99.3% of 
deaths associated with breast cancer in America oc-
curred in women over 40 (9). Family history of breast 
cancer accounts for a quarter of all cases. Th e inherited 
susceptibility to breast cancer rises 2.5-fold in women 
with two aff ected fi rst-degree relatives (10,11). Th is is 
partially accredited to breast cancer-related genes, in-
cluding BRCA1 and 2. Additional genes associated with 
breast cancer encompass p53, PTEN, and RB1 (11).

Reproductive factors that increase the risk of breast 
cancer comprise premature menarche, late onset of 
menopause, low parity, later age of fi rst pregnancy, 
and estrogen exposure (12,13). Considerable evidence 
from epidemiological studies demonstrates that a 
modern sedentary lifestyle, excessive drinking habits, 
diets rich in saturated fats, and low physical activi-
ty levels are related to higher breast cancer risk. Th e 
mechanism by which physical activity infl uences the 
risk of developing the disease is altered body composi-
tion, insulin resistance, and modifi ed levels of steroid 
hormones. Th erefore, it is now understood that obesity 
and insulin increase the risk of breast cancer (14,15).
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Th e rising incidence of breast cancer is multifaceted. 
Th is trend may be related to the augmentation of risk 
factors, screening strategies, health inequalities, grow-
ing populations, and a lengthier life expectancy (16). 
Th e variation in these factors in diff erent regions may 
explain disparity in the burden of the disease. For ex-
ample, developed countries such as the United States 
of America (USA) and the United Kingdom make 
extensive use of screening tools. Consequently, these 
countries have encountered the current concern of 
overdiagnosis (17). Furthermore, the prevalence of 
obesity and insulin resistance have noteworthy re-
gional dissimilarities; in 2015, the population of obese 
individuals was 38.2% in the USA compared to 3.7% 
in Japan (18,19).

Standish et al. demonstrated the importance of a func-
tional immune system and its implication in prevent-
ing primary and recurring breast cancer (20). Th ere 
is much to unpack regarding the upsurge of this dis-
ease; this paper subsequently aims to explore the role 
of immune status and immunomodulatory therapy in 
cancer patients aft er immunosuppression in general 
and, more specifi cally, aft er breast cancer in kidney 
transplantation.

CANCER IN PATIENTS RECEIVING 
IMMUNOSUPPRESSIVE THERAPY

Epidemiology

Solid organ transplant recipients are treated with im-
munosuppressive drugs to avoid graft  rejection. Th e 
occurrence of neoplasms in solid organ recipients is 2-3 
times higher than in the general population (21). Th ere 
are many contributing factors to the increased risk of 
carcinogenesis in post-transplant patients. Carcino-
genic environmental factors such as sun exposure, dis-
turbed function of the immune system due to chronic 
use of immunosuppressive drugs, and genetic make-up 
of each person infl uence the process of carcinogenesis 
in transplant patients (22). Skin and lip cancers, lym-
phomas, and Kaposi sarcomas appear to be the leading 
cancers in solid organ transplant recipients (23).

On the other hand, the incidence of some solid neo-
plasms (such as breast and colon cancers) does not 
appear to be increased compared to the general pop-
ulation, and some studies even indicate a decreased 
occurrence of certain malignancies in transplant re-
cipients (24-26). Although immunosuppressants de-
crease the incidence of graft  rejection and prolong life 
in organ recipients, many of them are associated with 
an increased risk of carcinogenesis, which compro-
mises patient survival (21,27,28). Carcinogenesis due 

to chronic immunosuppression poses a severe threat 
to the health of transplant recipients and complicates 
their post-transplantation period, being the primary 
reason for late failure in patients with well-preserved 
graft  function (23).

Transplant recipients tend to have an overall poorer 
prognosis than other oncologic patients, which could 
be explained by the concomitant presence of other 
diseases, immunosuppressive therapy, and the gener-
al worse tolerance of cancer treatment (29-31). Fur-
thermore, at the time of diagnosis, cancers in immu-
nosuppressed patients tend to present at the clinically 
advanced stage (29,30). Th e literature has noted a no-
ticeable intensifi cation in the biologic aggressiveness 
of those neoplasms (30).

Pathogenesis

Th ere are three proposed pathophysiological mech-
anisms of cancer development in solid-organ trans-
plant recipients. First, it is possible for the direct 
transmission of neoplastic cells from the donor to the 
recipient to occur during transplantation (29,32). Th is 
complication could be avoided by thorough clinical 
examinations and screenings of donors for a possible 
undiscovered malignancy. Despite the screening pro-
tocols, donor neoplasms sometimes go unnoticed and 
present as lesions in organ recipients (33,34). Th e oth-
er two mechanisms of carcinogenesis include de novo 
carcinogenesis and relapse of a recipient’s pre-trans-
plant malignancy (29,32).

Multiple factors are thought to be interconnected in 
the process of de novo carcinogenesis in organ trans-
plant recipients. Chronic immunosuppressive thera-
py as one of the main contributing factors results in 
altered immune response against oncogenic viruses 
and deranged immunosurveillance points of cancer 
cells (29,35). Host factors, such as certain viral infec-
tions and genetic predisposition to carcinogenesis, 
also contribute to cancer-promoting potential (22,35). 
Epstein-Barr virus (EBV), human papillomavirus 
(HPV), herpesvirus 8 (HHV-8), hepatitis B (HBV) 
and C (HCV) viruses, and Merkel cell polyomavirus 
are some of the frequently encountered oncogenic vi-
ruses. Each virus is linked to a diff erent type of can-
cer, and viruses aff ect the normal host cell cycle by 
disrupting mitotic checkpoints, inhibiting tumor sup-
pressor genes, activating oncogenes, blocking apopto-
sis, and leading to uninhibited cell proliferation (36). 
Organ transplant recipients have a higher possibility 
of developing a virally driven neoplasm (37,38).

Moreover, some immunosuppressive drugs appear to 
be directly involved in the process of carcinogenesis. 
Based on the mechanism of action, immunosuppres-
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sive agents can be divided into the following subtypes: 
corticosteroids, calcineurin inhibitors (cyclosporin, 
tacrolimus), biologic agents, antimetabolites (azathio-
prine, mycophenolate mofetil), and mechanistic target 
of rapamycin (mTOR) inhibitors (rapamycin [siroli-
mus], everolimus) (39). Th e rate of de novo carcino-
genesis in chronically immunosuppressed patients is 
infl uenced by the type of immunosuppressive drugs 
and the level of immunosuppression, the number of 
immunosuppressant medications, and the duration 
of the immunosuppressive therapy applied (40-43). 
Low-dose cyclosporin groups experienced a lower in-
cidence of cancer compared to higher doses (44).

Calcineurin inhibitors (cyclosporin and tacrolimus) 
directly infl uence malignancy development by inhibit-
ing DNA repair mechanisms, programmed cell death, 
and production of interleukin 2 (IL-2) (35,39,45). 
Anti-oncogenic properties of IL-2 are mediated by 
its eff ects on the natural killer, lymphokine-activated 
killer (LAK), and other cytotoxic cells (46). Inhibi-
tion of DNA repair mechanisms leads to mutations in 
activated T-cells, therefore promoting apoptosis and 
helping cancer cells escape cell-mediated immuno-
surveillance (47). Additionally, calcineurin inhibitors 
increase the production of transforming growth factor 
beta (TGF-β) and vascular endothelial growth factor 
(VEGF), resulting in the promotion of tumor angio-
genesis and facilitation of tumor growth and pro-
gression (48,49). Besides, cyclosporin use positively 
correlates with the incidence of post-transplantation 
lymphoproliferative disorder (PTLD), and the above-
mentioned impairment of T-cell immunosurveillance 
could explain this phenomenon (50). However, there 
is also in vitro evidence for cyclosporin direct oxidative 
eff ect on human "B-cells", which causes promotion of 
EBV-induced transformation of "B-cells" (51). Cyclo-
sporin also increases IL-6 production in "B-cells", pro-
moting "B-cell" activation and proliferation, possibly 
contributing to PTLD (52). Finally, oncogenic RAS-
RAF pathways appear to be aff ected by cyclosporin 
favoring tumorigenesis (53).

Conversely, some studies indicate a potential for an-
ti-oncogenic eff ects of concomitant use of cyclospo-
rin and other immunosuppressive agents for certain 
cancers. In a cohort of immunosuppressed female 
patients (N=25,914), mainly treated with cyclosporin 
(n= 21,439), Stewart et al. observed lower breast can-
cer incidence (25). Another study analyzed the eff ect 
of chronic use of cyclosporin combined with other im-
munosuppressive drugs (26). It showed a signifi cant 
reduction in rectal cancer incidence for both sexes.

Azathioprine is a purine antimetabolite that inhib-
its DNA synthesis and cell proliferation and disrupts 
the post-replicative DNA mismatch repair system 

(54,55). Both cyclosporine and azathioprine have been 
connected to the development of skin cancer (56). 
Azathioprine promotes skin cancer development by 
photosensitization of the dermis and increases the 
production of reactive oxygen species when exposed 
to ultraviolet A radiation (57). Consequently, an in-
creased occurrence rate of non-melanoma skin cancer 
(NMSCs) has been reported in organ transplant re-
cipients, myasthenia gravis, and infl ammatory bowel 
disease patients receiving high‐dose azathioprine (58-
61). A meta-analysis from 2016 of azathioprine expo-
sure showed a signifi cantly increased risk of squamous 
cell carcinoma (SCC) (57). Another population-based 
cohort study on the liver, heart, and lung transplant 
recipients proved that higher doses of azathioprine in-
creased the risk of lip cancer (62). Furthermore, several 
studies showed a correlation between azathioprine use 
and the development of lymphoproliferative disorders 
(63-66). However, expert opinion on the carcinogenic 
potential of azathioprine remains controversial; in a 
meta-analysis of 5 studies, no signifi cantly increased 
risk of neoplasm development was observed among 
individuals who received long-term azathioprine treat-
ment (66).

T cell-depleting agents used during induction ther-
apy have been associated with a 30%-80% increased 
risk of non-Hodgkin lymphoma (nHL) compared to 
transplant patients not receiving induction therapy. A 
recent study found >20 times higher incidence of lym-
phoma in patients receiving anti-thymocyte globulin 
or muromonab. Additionally, a large study observed a 
70%-200% increase in the incidence of nHL, colorec-
tal cancer, and thyroid cancer compared to no induc-
tion (67).

A novel generation of immunosuppressants?

A promising feature of a novel generation of immuno-
suppressive agents appears to be their anticarcinogenic 
eff ect. Mycophenolate mofetil (MMF), ester prodrug 
form of mycophenolic acid (MPA), and mTOR inhib-
itors (sirolimus/rapamycin) do not seem to be associ-
ated with an overall increased risk of cancer, and even 
show anti-oncogenic and anti-angiogenic properties. 
Rapamycin is believed to exhibit anti-oncogenic prop-
erties by reducing VEGF production in tumor cells, 
which results in diminished endothelial response (68). 
Moreover, it inhibits tumor growth through cell cycle 
arrest and initiation of apoptosis (48), while MMF acts 
as an antioxidant (69).

According to Hirunsatitpron et al., MPA exposure 
does not appear to be associated with an increased 
risk of cancer compared to azathioprine use or no 
exposure to other additional treatments; it may even 
be associated with a lower risk of cancer when com-
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pared to azathioprine or no therapy (70). Cancer risk 
comparison between MPA and rapamycin revealed 
no signifi cant diff erence. mTOR inhibitors exhibit 
reduced cancer incidence rates in transplant popula-
tions compared to calcineurin inhibitors, with marked 
reduction in NMSCs (71). Results were echoed in the 
RESCUE study, which showed a 50% reduction in in-
vasive cutaneous SCC (72). Furthermore, the time to 
development of new SCC lesions aft er conversion to 
sirolimus was signifi cantly longer than in patients on 
calcineurin inhibitors.

In 2015, Yanick et al. conducted a meta-analysis and 
found no correlation between sirolimus (rapamycin) 
and lower overall cancer incidence in 39,039 kidney 
transplant recipients receiving sirolimus-based immu-
nosuppressive therapy (73). Nevertheless, lower kid-
ney cancer and higher prostate cancer incidence were 
noted in those patients (73).

Cancers in chronically immunosuppressed patients 
have been the subject of ongoing research, and a sig-
nifi cant body of knowledge has been gathered through 
single or multiple author experiences. Diff erent types 
and combinations of immunosuppressive regimens, 
diff erent types of organ transplantation, patient co-
morbidities, length of follow-up, screening protocols, 
and various statistical methods all contribute to het-
erogeneity in the results and the inability to draw clear 
guidelines from them.

CANCER IN KIDNEY TRANSPLANT 
RECIPIENTS

Epidemiology of cancer in kidney transplant recip-
ients

Th e incidence of cancer in kidney transplant recipients 
is well defi ned. Th e incidence of solid cancers shows 
an increasing trend years aft er kidney transplantation, 
specifi cally 4%-5% aft er fi ve years to 10% at ten years 
and >25% aft er 20 years (74-77). Importantly, analysis 
has found that diff erences in cancer risk depend on 
the kidney recipient’s cancer type. In particular, Ka-
posi sarcoma shows the most signifi cant increase in 
incidence (>300 fold higher than the average popula-
tion) (78). Other notable increases include NMSCs, 
lip cancer, and cancer with viral oncogenesis, such as 
anogenital cancers with HPV infection. As mentioned 
previously, common cancers such as breast and pros-
tate do not show increased risk compared to age- and 
gender-matched general populations.

A recent case-control study conducted by van de 
Wetering et al. in 2010 found that 56% of kidney trans-

plant patients had cancer following transplantation 
(79). Th e survival of these patients was signifi cantly 
lower than in those without cancer (2.1 vs. 8.3 years) 
when matched for age, gender, and years of transplan-
tation (80). It has been suggested that the increased 
mortality in kidney transplant recipients compared 
with patients with the same cancer from the general 
population could be due to diff erences in immunity, 
infl uence of immunosuppression, and diff ering che-
motherapeutic regimens.

Interestingly, the time at which cancer is diagnosed 
diff ers according to type. A recent study found that 
transplant recipients with cancer were diagnosed early 
(American Joint Committee on Cancer, AJCC 0-II) for 
renal cell carcinoma (RCC). In contrast, for advanced 
stages (AJCC >II) of non-small-cell lung cancer (NS-
CLC), breast cancer, prostate cancer, bladder cancer 
and malignant melanoma all demonstrated worse sur-
vival when compared to the general population (81). 
Th is is perhaps due to kidney parameters increased or 
more robust diagnostic sensitivity in kidney transplant 
recipient management. It has been suggested that can-
cers that present more advanced are due to increased 
biologic aggressiveness due to concomitant immuno-
suppression. However, more investigation is needed.

Data from the European Renal Association-European 
Dialysis and Transplantation Association (ERA-ED-
TA) found that the standardized mortality ratio (SMR) 
for cancer was 1.7 (95% CI 1.6-1.8). Th ese SMR data 
have been replicated in other studies worldwide, in-
cluding in Canada, Australia, United Kingdom, and 
USA (30,79,80). Absolute cancer mortality varied 
according to age; the 20-29 year age category had the 
lowest incidence of cancer (0.5 per 1,000 patients), 
increasing to 25 per 1,000 in >80-year-old transplant 
recipients (78). However, the relative risk of recipients 
developing cancer in 20-29 age group in comparison to 
>80 age group was much higher (16-18-fold increase 
in 20-29 vs. two-fold increase in >80 years) (82). Th e 
increased risk of cancer in kidney recipients is multi-
factorial and attributed to oncogenic viruses (such as 
HPV, EBV, etc.), immunosuppression, and altered T 
cell immunity. As a result, prospective recipients with 
a history of cancer are recommended to wait for 2-5 
years aft er oncologic intervention before kidney trans-
plantation.

Etiology and risk factors

Following observation studies, risk factors for devel-
oping cancer in this subpopulation include (but are 
not limited to) increased age at transplantation, male 
gender, white ethnicity, and extended time of dialysis 
before transplantation (83,84).
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Th e etiologic cause, i.e., end-stage renal disease 
(ESRD) aff ects cancer risk following transplantation. 
Observational studies show an increased risk of breast, 
liver, and pancreatic cancer in patients with diabetes 
mellitus. Conversely, their age- and gender-matched 
counterparts in the general population have a marked 
reduction of 20%-30% (85). Th e risk of cancer relating 
to diabetes type 1 compared to type 2 requires investi-
gation. Patients with polycystic kidney disease (PKD) 
demonstrate increased rates of liver, colorectal and 
kidney cancer compared to the general population and 
a reduced risk in specifi c subpopulations of patients. 
Th is is proposed to be due to lifestyle, genetic diff er-
ences, and a higher frequency of nephrectomies before 
transplantation. Conversely, those with acquired PKD 
have shown increased rates of RCC (86).

Cancers that can lead to ESRD (myeloma, kidney can-
cers, urinary tract cancers) occur at higher rates in pa-
tients on dialysis and in kidney transplant recipients 
than in the general population (21). Th e etiology of 
urinary tract cancers may also involve aristolochic 
acid and cyclophosphamide, both of which have been 
shown to cause tubulointerstitial nephropathy. A co-
hort study found that 14% of patients who developed 
ESRD from analgesia were found to have urothelial 
cancers (87).

Transplant and immune factors can infl uence the in-
cidence of cancers in this population. Patients with a 
panel reactive antibody (PRA) score >80% have a two-
fold increased risk compared to baseline (88). HLA 
mismatching has been shown to infl uence the inci-
dence of diff use large "B-cell" lymphoma (89). Addi-
tionally, specifi c HLA subtypes have been associated 
with diff ering post-transplant cancer risks (90). Pa-
tients receiving live-donor kidneys have a signifi cantly 
reduced cancer risk compared to deceased expanded 
criteria donor kidneys (91). Other transplant-related 
factors include oncogenic virus activation such as cy-
tomegalovirus and BK polyomavirus.

Proposed pathogenic mechanisms for cancer devel-
opment in kidney transplant recipients

According to recent literature, the pathophysiological 
mechanisms/etiologies are threefold:
1) etiologies leading to ESRD;
2) immunosuppression leading to an increased risk 

post-transplantation; and
3) etiologies that do not show an immediate or clear 

increase in risk following transplantation.

Myeloma and kidney cancers are the most frequent 
type among kidney transplant patients; this refl ects 
their recurrence post-transplantation. Th e second 
group relates to cancers related to viral oncogenesis 

and prolonged immunosuppression. Enhanced on-
cogenesis in this category is associated with reduced 
immunosurveillance, leading to a reduced removal of 
malignant and virally infected cells. Notably, natural 
killer cell activity is reduced, which lowers activity 
against virally infected and cancerous cells (92). Fur-
ther, kidney transplant recipients diagnosed with spe-
cifi c types of cancers were shown to have excess im-
munosenescent T cells and regulatory T cells. Overall, 
tumor-induced immune dysfunction can aff ect both 
innate and adaptive immunity. Th is combination en-
hances tumor progression and subsequently increas-
es the opportunity for tumor escape and subsequent 
proliferation.

As discussed, some cancer risks are reduced while us-
ing calcineurin inhibitors. Th is introduces the third 
group of cancers, which we must be aware of and ex-
hibit caution as not to generalize the mechanisms of 
cancer development. It has been suggested that immu-
nosuppressive drugs have a direct immunosuppressive 
eff ect on cancer. Interestingly, it was shown that cyc-
losporin reduces the levels of pyruvate kinase isoform 
M2 (PMK2), an essential metabolite for oncogenic 
glycolysis and tumor proliferation (93).

Screening: to be or not to be?

Screening for common cancers such as breast and col-
orectal cancer has proven benefi cial in reducing the 
risk of cancer-related deaths in the general popula-
tion. Th e same cannot be said for kidney transplant 
recipients, and it is currently recommended to screen 
these patients the same as with the general population. 
However, this is based on literature that failed to con-
sider reduced life expectancy and the competing risks 
of death in these patients. Female transplant recipients 
were found to have a higher incidence of benign breast 
disease on mammography with a higher risk of false 
positives leading to potential harms associated with 
overdiagnosis (unnecessary core fi ne needle biopsies 
or surgery, etc.) (94).

Cost-eff ectiveness studies found that screening for 
cervical cancer (cytology) and colorectal cancer (fecal 
immunocytology) may be cost-eff ective, while RCC 
and breast cancer in average risk-kidney transplant 
patients are less benefi cial and more costly (84,95).

Th ere appears to be variation in the results of screen-
ing tests in kidney transplant recipients; therefore, an 
individualized and more multidisciplinary approach 
is warranted. Th is will take into account individual 
risks of cancer, competing priorities of other comor-
bidities, and patient preferences. Th is older version 
of the ‘one-size-fi ts-all’ medicine model is no longer 
benefi cial to patients of specialist subpopulations such 
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as kidney transplant recipients. As specialists, we must 
strive for individualized management strategies to 
ensure every patient benefi ts the most. For example, 
kidney transplant recipients with higher cancer risks 
may benefi t from more frequent testing. Conversely, 
those at a lower risk of cancer but a higher incidence 
of comorbidities may prefer to focus on rehabilitation 
relating to their comorbidities and a less aggressive ap-
proach to screening. In this way, it creates a manage-
ment strategy that allows high-risk cancer patients to 
get screened and subsequently managed on time while 
creating a cost-benefi t system that saves on those that 
do not require screening but rather comorbidity man-
agement (74).

Post-transplantation cancer management

Management is complex and requires consideration 
of dosing and safety of chemotherapeutic agents. Che-
motherapeutic agents reduce renal function and have 
the potential to cause nephrotoxicity and drug-drug 
interactions. Th erefore, the consensus is to reduce 
the immunosuppressive dose aft er cancer diagnosis, 
especially for cancers with viral or immunosuppres-
sion-related etiology. However, this must be balanced 
against the risk of acute graft  rejection. Interestingly, 
development of breast cancer in immunosuppressed 
patients, namely kidney transplant recipients, is some-
what diff erent. Here we discuss this subpopulation of 
patients.

BREAST CANCER IN KIDNEY TRANSPLANT 
RECIPIENTS

Epidemiology

Cancer is the second most frequent cause of death in 
post-kidney transplant patients and signifi cantly af-
fects life expectancy and overall prognosis (74). Most 
malignancies are closely related to transplant-associ-
ated immunosuppression and infectious origin. How-
ever, de novo PTBC risk was found to be analogous 
to the risk of developing breast cancer in the gener-
al population (75). Insofar, this equal or slightly in-
creased standardized incidence ratio (SIR) suggests a 
more complex relationship between breast cancer and 
kidney recipients than just an immunologic one.

Table 1. Standardized incidence ratios of post-kidney 
transplantation breast cancer from mentioned articles 

Article authors Standardized incidence ratio (95% CI)

Au et al. (96)

Canada 1.3 (1.0-1.7)

Italya 0.8 (0.5-1.2)

Sweden 1.2 (0.9-1.8)

Australia and New Zealand 1.0 (0.8-1.3)

Taiwan 1.1 (0.6-1.9)

USA 0.95 (0.86-1.0)

Italyb 1.2 (0.8-1.8)

UK 1.0 (0.8-1.2)

Hong Kong 1.7 (1.0-2.8)

Collett et al. (81) 1.0 (0.8-1.2)

Stewart et al. (77) 0.8 (0.6-1.1)c

Kim et al. (97) 1.3 (1.0-1.8)

Birkeland et al. (98) 1.1 (0.6-1.8)

Benoni et al. (99) 1.16 (0.93-1.46)

Vajdic et al. (21) 1.03d

Cheung et al. (101) 1.66 (1.0-2.75)

Jung et al. (102) 1.4 (1.0-1.9), 2.3 (1.5-3.5)e

Huo et al. (103) 1.28 (1.08-1.53)

USA registry (74) 1.85 0.77-0.93)f

a) fi ft een transplant centers in Italy
b) four transplant centers in northern Italy
c) in non-immune related malignancies (breast, re-

ctum, prostate and ovary)
d) calculated from the article (56 observed/54.2 

expected cases)
e) adjusted SIR by multivariable Cox model (age, 

diabetes mellitus, ischemic heart disease, heart 
failure, liver cirrhosis, chronic obstructive pulmo-
nary disease) 

f) in 175,732 solid organ transplants (58.4% kidney, 
21.6% liver, 10.0% heart, 4.0% lung)

According to most studies, the SIR of PTBC was equal 
to or reduced, despite some reports of a statistically 
signifi cant increase of SIR, as can be surmised from 
Table 1. Au et al. gathered data from nine country reg-
istries and systematically analyzed the SIR to be equal, 
consistently, or slightly increased compared to the 
general population (96). Collett et al. found the SIR 
to be 1.0 (0.8-1.2, 95% CI) in 25,104 kidney transplant 
patients in England, Wales, and Scotland (81). Stewart 
et al. (1995) found the relative risk of PTBC in the fi rst 
year to be 0.49 (0.22-0.77, 95% CI) and grew to 0.84 
(0.64-1.03, 95% CI) in subsequent years (25). Stewart 
et al. (2009) found the SIR to be 0.8 (0.6-1.1, 95% CI) 
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in non-immune-related malignancies (breast, rectum, 
prostate, and ovary) (77). Kim et al. found the SIR to 
be 1.3 (1.0-1.8, 95% CI) in 14,842 South Korean kid-
ney transplant recipients (97). Birkeland et al. found 
the SIR to be 1.1 (0.6-1.8, 95% CI) in 5,692 Nordic kid-
ney transplant recipients (98). Benoni et al. report on 
a SIR of 1.16 (0.93-1.46, 95% CI) in the Nordic kidney 
recipient population in 2020 (99). Penn reports on an 
equal, expected prevalence of PTBC compared to the 
general population (330 cases of breast cancer out of 
9,032 post-transplant malignancies) (50). Likewise, 
Vajdic et al. extracted data from the Australian popu-
lation and found the SIR to be 1.03 (56 observed/54.2 
expected cases) (21). However, a recent 2021 study by 
Anderson et al. found an increased incidence risk of 
PTBC compared to the national USA rate (0.35% vs. 
0.28%) (100). Supporting that evidence, Cheung et al. 
report on SIR of 1.66 (1.0-2.75, 95% CI) in the Hong 
Kong population (101). Jung et al. extracted incidence 
rates from the Korean national database and found the 
crude SIR for PTBC to be 1.4 (1.0-1.9, 95% CI), and 
once a multivariable model (age, diabetes mellitus, 
ischemic heart disease, etc.) was taken into account, 
the adjusted SIR became 2.3 (1.5-3.5, 95% CI) (102). 
A comprehensive 2020 study analyzing 21 cohort 
studies found the SIR to be 1.28 (1.08-1.53, 95% CI) 
(103). Supporting the overall trend, the SIR of breast 
cancer aft er a solid organ transplant (175,732 solid 
organ transplants {58.4% kidney, 21.6% liver, 10.0% 
heart, 4.0% lung}) in the USA was 0.85 (0.77-0.93, 
95% CI) in the 1987-2008 period (74). Data on PTBC 
in long-term patients are scarce, but Fuhrmann et al. 
found the risk of developing breast cancer to be related 
mainly to patient age and not directly to the number of 
years post-transplantation (104).

Albeit a relatively established reduced/equal SIR, the 
mortality risk of PTBC is still uncertain. Several in-
stitutions have reported an increased mortality rate 
for advanced-stage breast cancer post-kidney trans-
plantation. Cheung et al. found the SMR from PTBC 
to be 1.9 higher than that of the general population 
(101). Wong et al. extracted data from the Australian 
and New Zealand Dialysis and Transplant Registry 
and found PTBC patients to have 40% excess mortal-
ity compared to the same age in the general popula-
tion (105). Correspondingly, Miao et al. found de novo 
breast carcinoma in organ transplants to have a poorer 
prognosis (30). Likewise, and probably anecdotally, 
Yasumura et al. described cases (n=2) of advanced 
breast cancer in kidney recipients and their poor prog-
nosis (106).

Conversely, Kwak et al. found the prognosis similar 
to the general population. However, it is important to 
note the possible limitations of the small sample size 
and short follow-up period (107). Similarly, Jeong et 

al. found survival rates identical to the general popula-
tion (16 PTBC patients) (108). While the general mor-
tality rates were equivocal, advanced breast carcinoma 
(stages 3 and 4) was found to have a poorer prognosis 
than in the general population (109). Th is led to the 
hypothesis that although immunosuppression does 
not increase the risk of developing breast cancer, it is 
needed for the progression and malignancy of breast 
carcinoma.

Pathogenesis and risk factors

Unlike infectious-related malignancies, which fl our-
ish with immunosuppression, breast cancer seems 
to be related to hormonal, genetic, and aging factors 
(11). Moreover, breast cancer oncogenesis relation to 
infl ammation is controversial, with recent confl icting 
meta-analyses reporting both a positive and negative 
prognostic value of neutrophil to lymphocytes ratio 
(66,110). It has even been postulated that immuno-
suppression has a protective role in post-transplant 
patients with breast cancer, as this kind of malignancy 
requires immune activation (25).

Independent risk factors for developing breast cancer 
can concurrently lead to kidney transplantation and 
may infl uence breast carcinoma oncogenesis. Here we 
discuss diabetes mellitus and aging as the key risk fac-
tors. Diabetes mellitus has been consistently reported 
to elevate the risk of developing breast cancer due to 
various general and local factors, even when excluding 
obesity and asserting diabetes mellitus is an indepen-
dent factor (111). Supporting this fi nding, Larsson et 
al. conducted a meta-analysis and found diabetes mel-
litus to aff ect breast cancer risk positively (112). Dia-
betes mellitus is one of the leading causes of chronic 
kidney disease and signifi cantly infl uences the need 
for kidney transplantation (113,114). Another rare 
and more lethal mechanism of developing PTBC is di-
rect transmission when unidentifi ed and disseminated 
from the donor (108).

Aging is another independent risk factor for develop-
ing breast cancer (108). Specifi cally, the age at presen-
tation of PTBC is controversial. While some studies 
fi nd no change, others found patients presenting at a 
younger age (108,115). Jeong et al. report on a median 
age for PTBC of 45.2 (±4.5) years compared to 48.6 
(±10.04) years in the general breast cancer population, 
which argues for extensive screening post-transplan-
tation (108). Additionally, Webster et al. stratifi ed the 
risk of developing PTBC by age and found the SIR to 
be 3.12 (1.17-8.31, 95% CI) in females under 35 years 
of age with normalization of SIR with patient age (83). 
Nevertheless, most observational cohorts report an 
age correlating to the general population.
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Screening

Screening has been consistently reported to decrease 
breast cancer mortality by early detection and is a 
standard preventive measure in public health insti-
tutions. Th e recommended screening guidelines for 
post-transplant patients are currently extrapolated 
from the general population and are based primarily 
on age (116). Kato et al. advocated frequent follow-ups 
to allow breast cancer to be detected early and man-
aged to detect eight out of nine PTBCs in an early as-
ymptomatic stage in their screening program (117). 
However, this is based on the assumption that there 
is a more aggressive presentation in younger patients 
with subsequent poor prognoses. Acuna et al. assessed 
13 screening program guidelines in solid organ recip-
ients and found most breast cancer screening guide-
lines to parallel those of the general population, with 
a minority advocating for earlier screening age (118). 
However, this approach is challenged by Kiberd et al. 
when considering the reduced incidence of PTBC, 
cost-eff ectiveness of screening, and the reduced life 
expectancy of transplant recipients (119). Further-
more, increased screening in the post-transplant pop-
ulation can lead to potential overdiagnosis of breast 
cancer due to heightened unnecessary surveillance 
(120). Supporting this notion, Wong et al. report that 
most nephrologists would recommend screening in 
their patients despite a mostly reported equal/slightly 
increased SIR of PTBC, thereby increasing the chances 
of diagnosing them with breast cancer (121).

Depending on the malignancy, pre-transplantation 
evaluation includes a specifi c disease-free period be-
fore transplant, as patients with malignancy are con-
sidered to have a poorer prognosis and higher chance 
for recurrence (122). Current evaluation guidelines 
for kidney transplantation candidates are two years 
without early breast cancer (in situ) or fi ve years with-
out an advanced breast cancer diagnosis (stage 2) 
and absolute contraindication with stage 3-4 breast 
cancer (123). Lim et al. challenged this classifi cation 
and off ered the TNM grading system instead of early/
advanced to be more precise and to correlate to the 
overall prognosis (124). To achieve a yet even more 
accurate prognostic tool, some encourage incorporat-
ing genomic profi ling assays as a more comprehensive 
tool for evaluating the risk of developing PTBC (125). 
Th is disease-free period before transplantation may 
contribute to the observed lower SIR of PTBC com-
pared to other malignancies.

Management

Th e treatment for PTBC is mostly extrapolated from 
the general population with special considerations 
given to nephrotoxicity of certain chemotherapeutics, 

graft -survival expectancy, concurrent comorbidities, 
and immunosuppression dosage adjustment. Th e lat-
ter poses a great challenge that could induce other 
iatrogenic malignancies or graft  rejection (126,127). 
However, due to the infrequency of PTBC and the rel-
atively small sample size of cohort studies, further in-
vestigation is needed to draw more specifi c guidelines 
for the post-transplantation population.

CONCLUSION

In conclusion, the risk of developing breast cancer in 
kidney transplant recipients does not increase owing 
to the previously described mechanisms. Instead, the 
mechanisms seem to be unrelated to transplantation 
immunosuppression regimen. Th e mortality rates 
from PTBC are increased with younger age and ad-
vanced carcinoma at the time of presentation, even 
more so than in the general population. Pre-trans-
plantation evaluation and heightened screening may 
also contribute to the overall incidence of PTBC. In 
contrast, other factors that lead to ESRD and kidney 
transplantation, such as diabetes mellitus, can contrib-
ute to the development and prognosis of PTBC.

R  E  F  E  R  E  N  C  E  S

1. Sung H, Ferlay J, Siegel RL et al. Global Cancer Statistics 

2020: GLOBOCAN estimates of incidence and mortality worl-

dwide for 36 cancers in 185 countries. CA Cancer J Clin 2021; 

71(3): 209-49.

2. Rojas K, Stuckey A. Breast cancer epidemiology and risk 

factors. Clin Obstet Gynecol 2016; 59(4): 651-72. 

3. Šekerija M, Alfi rević M, Fabijanić U et al. Epidemiology 

of cancer in Croatia –recent insights and international compa-

risons. Libri Oncol 2019; 47(2-3): 84-90.

4. Brkljačić B, Parun AŠ. Croatian success in early breast 

cancer detection: favourable news in Breast Cancer Awareness 

Month. Croat Med J 2021; 61(5): 389-90. 

5. Polyak K. Breast cancer: origins and evolution. J Clin In-

vest 2007; 117(11): 3155-63. 

6. Valastyan S, Weinberg RA. Tumor metastasis: molecular 

insights and evolving paradigms. Cell 2011; 147(2): 275-92. 

7. Enriquez L, Listinsky J. Role of MRI in breast cancer ma-

nagement. Cleve Clin J Med 2009; 76(9): 525-32. 

8. Basse C, Arock M. Th e increasing roles of epigenetics in 

breast cancer: implications for pathogenicity, biomarkers, pre-

vention and treatment. Int J Cancer 2015; 137(12): 2785-94. 

9. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA 

Cancer J Clin 2020; 70(1): 7-30.



R. Popper, M. Kljajić, G. Alush, W. Migo, N. Bašić-Jukić

Breast cancer and immunosuppression in kidney transplant recipients: a literature review

Acta Med Croatica, 76 (2022) 19-32

28

10. Brewer HR, Jones ME, Schoemaker MJ et al. Family 

history and risk of breast cancer: an analysis accounting for fa-

mily structure. Breast Cancer Res Treat 2017; 165(1): 193-200. 

11. Sun YS, Zhao Z, Yang ZN et al. Risk factors and preven-

tions of breast cancer. Int J Biol Sci 2017; 13(11): 1387-97.

12. Horn J, Vatten LJ. Reproductive and hormonal risk fa-

ctors of breast cancer: a historical perspective. Int J Womens 

Health 2017; 9: 265-72. 

13. Washbrook E. Risk factors and epidemiology of breast 

cancer. Womens Health Med 2016; 3(1): 8-14. 

14. Suzuki R, Iwasaki M, Inoue M et al. Alcohol consumpti-

on-associated breast cancer incidence and potential eff ect mo-

difi ers: the Japan Public Health Center-based prospective study. 

Int J Cancer 2010; 127(3): 685-95. 

15. Momenimovahed Z, Salehiniya H. Epidemiological 

characteristics of and risk factors for breast cancer in the world. 

Breast Cancer 2019; 11: 151-64. 

16. Britt KL, Cuzick J, Phillips KA. Key steps for eff ective 

breast cancer prevention. Nat Rev Cancer 2020; 20(8): 417-36. 

17. Srivastava S, Koay EJ, Borowsky AD et al. Cancer over-

diagnosis: a biological challenge and clinical dilemma. Nat Rev 

Cancer 2019; 19(6): 349-58. 

18. Blüher M. Obesity: global epidemiology and pathoge-

nesis. Nat Rev Endocrinol 2019; 15(5): 288-98. 

19. di Cesare M, Bentham J, Stevens GA et al. Trends in adult 

body mass index in 200 countries from 1975 to 2014: a pooled 

analysis of 1698 population-based measurement studies with 

19.2 million participants. Lancet 2016; 387(10026): 1377-96. 

20. Standish LJ, Sweet ES, Novack J et al. Breast cancer and 

the immune system. J Soc Integr Oncol 2008; 6(4): 158-68.

21. Vajdic CM, McDonald SP, McCredie MR et al. Cancer 

incidence before and aft er kidney transplantation. JAMA 2006; 

296(23): 2823-31. 

22. Morath C, Mueller M, Goldschmidt H et al. Malignancy 

in renal transplantation. J Am Soc Nephrol 2004; 15(6): 1582-8. 

23. Vial T, Descotes J. Immunosuppressive drugs and can-

cer. Toxicology 2003; 185(3): 229-40. 

24. Gaya SB, Rees AJ, Lechler RI et al. Malignant disease 

in patients with long-term renal transplants. Transplantation 

1995; 59(12): 1705-9. 

25. Stewart T, Tsai SC, Grayson H et al. Incidence of de-no-

vo breast cancer in women chronically immunosuppressed af-

ter organ transplantation. Lancet 1995 23; 346(8978): 796-8. 

26. Stewart T, Henderson R, Grayson H et al. Reduced in-

cidence of rectal cancer, compared to gastric and colonic can-

cer, in a population of 73,076 men and women chronically im-

munosuppressed. Clin Cancer Res 1997; 3(1): 51-5.

27. Knight SR, Russell NK, Barcena L et al. Mycophenolate 

mofetil decreases acute rejection and may improve graft  survi-

val in renal transplant recipients when compared with azathio-

prine: a systematic review. Transplantation 2009; 87(6): 785-94. 

28.Briggs JD. Causes of death aft er renal transplantation. 

Nephrol Dial Transplant 2001; 16(8): 1545-9. 

29. Katabathina VS, Menias CO, Tammisetti VS et al. Ma-

lignancy aft er solid organ transplantation: comprehensive ima-

ging review. Radiographics 2016; 36(5): 1390-407. 

30. Miao Y, Everly JJ, Gross TG et al. De novo cancers ari-

sing in organ transplant recipients are associated with adverse 

outcomes compared with the general population. Transplanta-

tion 2009; 87(9): 1347-59. 

31. Guillemin A, Rousseau B, Neuzillet C et al. Cancers solides 

après transplantation d’organe: épidémiologie, pronostic et spécifi ci-

tés de prise en charge. Bull Cancer 2017; 104(3): 245-57. (in French) 

32. Desai R, Neuberger J. Donor transmitted and de novo 

cancer aft er liver transplantation. World J Gastroenterol 2014; 

20(20): 6170-9. 

33. Desai R, Collett D, Watson CJ et al. Cancer transmission 

from organ donors – unavoidable but low risk. Transplantation 

2012; 94(12): 1200-7. 

34. Neipp M, Schwarz A, Pertschy S et al. Accidental 

transplantation of a kidney with a cystic renal cell carcinoma 

following living donation: management and 1-year follow-up. 

Clin Transplant 2006; 20(2): 147-50. 

35. Martinez OM, de Gruijl FR. Molecular and immuno-

logic mechanisms of cancer pathogenesis in solid organ tran-

splant recipients. Am J Transplant 2008; 8(11): 2205-11. 

36. Pfi ster H. Oncogenic viruses. Cancer Treat Res 2009; 

146: 133-42.

37. Wheless L, Jacks S, Mooneyham Potter KA et al. Skin 

cancer in organ transplant recipients: more than the immune 

system. J Am Acad Dermatol 2014; 71(2): 359-65. 

38. McGregor JM, Proby CM, Leigh IM. Virus infection 

and cancer risk in transplant recipients. Trends Microbiol 1996; 

4(1): 2-3.

340. London NJ, Farmery SM, Will EJ et al. Risk of neopla-

sia in renal transplant patients. Lancet 1995; 346(8972): 403-6. 

41. Kehinde EO, Petermann A, Morgan JD et al. Triple the-

rapy and incidence of de novo cancer in renal transplant reci-

pients. Br J Surg 1994; 81(7): 985-6. 

42. Dantal J, Hourmant M, Cantarovich D et al. Eff ect of 

long-term immunosuppression in kidney-graft  recipients on 

cancer incidence: randomised comparison of two cyclosporin 

regimens. Lancet 1998; 351(9103): 623-8. 

43. Wimmer CD, Rentsch M, Crispin A et al. Th e Janus 

face of immunosuppression – de novo malignancy aft er renal 

transplantation: the experience of the Transplantation Center 

Munich. Kidney Int 2007; 71(12): 1271-8. 

44. van Leeuwen MT, Webster AC, McCredie MRE et al. 

Eff ect of reduced immunosuppression aft er kidney transplant 

failure on the risk of cancer: population-based retrospective co-

hort study. BMJ 2010; 340(7744): 463. 

45. Herman M, Weinstein T, Korzets A et al. Eff ect of cyc-

losporin A on DNA repair and cancer incidence in kidney tran-

splant recipients. J Lab Clin Med 2001; 137(1): 14-20. 



R. Popper, M. Kljajić, G. Alush, W. Migo, N. Bašić-Jukić

Breast cancer and immunosuppression in kidney transplant recipients: a literature review

Acta Med Croatica, 76 (2022) 19-32

29

46. Whittington R, Faulds D. Interleukin-2. A review of 

its pharmacological properties and therapeutic use in patients 

with cancer. Drugs 1993; 46(3): 446-514. 

47. Domhan S, Zeier M, Abdollahi A. Immunosuppressive 

therapy and post-transplant malignancy. Nephrol Dial Tran-

splant 2009; 24(4): 1097-103. 

48. Luan FL, Hojo M, Maluccio M et al. Rapamycin blocks 

tumour progression: unlinking immunosuppression from anti-

tumor effi  cacy. Transplantation 2002; 73(10): 1565-72. 

49. Hojo M, Morimoto T, Maluccio M et al. Cyclosporine 

induces cancer progression by a cell-autonomous mechanism. 

Nature 1999; 397(6719): 530-4. 

50. Penn I. Cancers in renal transplant recipients. Adv Ren 

Replace Th er 2000; 7(2): 147-56. 

51. Chen C, Johnston TD, Reddy KS et al. Cyclosporine di-

rectly causes oxidative stress and promotes Epstein-Barr virus 

transformation of human B cells. J Surg Res 2001; 100(2): 166-70. 

52. Guba M, Graeb C, Jauch KW et al. Pro- and anti-cancer 

eff ects of immunosuppressive agents used in organ transplanta-

tion. Transplantation 2004; 77(12): 1777-82. 

53. Datta D, Contreras AG, Basu A et al. Calcineurin inhi-

bitors activate the proto-oncogene Ras and promote protumo-

rigenic signals in renal cancer cells. Cancer Res 2009; 69(23): 

8902-9. 

54. Zhang Z, Wang M, Xu L et al. Cancer occurrence 

following azathioprine treatment in myasthenia gravis patients: 

a systematic review and meta-analysis. J Clin Neurosci 2021; 

88: 70-4. 

55. Th aunat O, Morelon E. Cancer and immunosuppressi-

on: pro- and antitumoral eff ects of immunosuppressive drugs. 

Nephrol Th er 2005; 1(1): 23-30. 

56. Chockalingam R, Downing C, Tyring SK. Cutaneous 

squamous cell carcinomas in organ transplant recipients. J Clin 

Med 2015; 4(6): 1229-39. 

57. Jiyad Z, Olsen CM, Burke MT et al. Azathioprine and 

risk of skin cancer in organ transplant recipients: systematic 

review and meta-analysis. Am J Transplant 2016; 16(12): 3490-

503.

58. Singh H, Nugent Z, Demers AA et al. Increased risk of 

nonmelanoma skin cancers among individuals with infl amma-

tory bowel disease. Gastroenterology 2011; 141(5): 1612-20. 

59. Setshedi M, Epstein D, Winter TA et al. Use of thiopu-

rines in the treatment of infl ammatory bowel disease is asso-

ciated with an increased risk of non-melanoma skin cancer in 

an at-risk population: a cohort study. J Gastroenterol Hepatol 

2012; 27(2): 385-9. 

60. Pedersen EG, Pottegård A, Hallas J et al. Risk of 

non-melanoma skin cancer in myasthenia patients treated with 

azathioprine. Eur J Neurol 2014; 21(3): 454-8. 

61.Mcgurgan IJ, Mcguigan C. Nonmelanoma skin cancer 

risk awareness in azathioprine-treated myasthenia gravis pa-

tients. Brain Behav 2015; 5(10). 

62. Na R, Laaksonen MA, Grulich AE et al. High azathio-

prine dose and lip cancer risk in liver, heart, and lung transplant 

recipients: a population-based cohort study. J Am Acad Derma-

tol 2016; 74(6): 1144-52e6. 

63. Beaugerie L, Brousse N, Marie Bouvier A et al. Lympho-

proliferative disorders in patients receiving thiopurines for in-

fl ammatory bowel disease: a prospective observational cohort 

study. Lancet 2009; 374(9701): 1617-25. 

64. Herrinton LJ, Liu L, Weng X et al. Role of thiopurine 

and anti-TNF therapy in lymphoma in infl ammatory bowel di-

sease. Am J Gastroenterol 2011; 106(12): 2146-53. 

65. Lemaitre M, Kirchgesner J, Rudnichi A et al. Association 

between use of thiopurines or tumor necrosis factor antagonists 

alone or in combination and risk of lymphoma in patients with 

infl ammatory bowel disease. JAMA 2017; 318(17): 1679-86. 

66. Zhang Y, Sun Y, Zhang Q. Prognostic value of the syste-

mic immune-infl ammation index in patients with breast can-

cer: a meta-analysis. Cancer Cell Int 2020; 20(1).

67. Opelz G, Naujokat C, Daniel V et al. Disassociation 

between the risk of graft  loss and risk of non-Hodgkin lympho-

ma with induction agents in renal transplant recipients. Tran-

splantation 2006; 81(9): 1227-33. 

68. de Gruijl FR, Koehl GE, Voskamp P et al. Early and late 

eff ects of the immunosuppressants rapamycin and mycopheno-

late mofetil on UV carcinogenesis. Int J Cancer 2010; 127(4): 

796-804. 

69.Krötz F, Keller M, Derfl inger S et al. Mycophenolate acid 

inhibits endothelial NAD(P)H oxidase activity and superoxi-

de formation by a Rac1-dependent mechanism. Hypertension 

2007; 49(1): 201-8. 

70. Hirunsatitpron P, Hanprasertpong N, Noppakun K et 

al. Mycophenolic acid and cancer risk in solid organ transplant 

recipients: systematic review and meta-analysis. Br J Clin Phar-

macol 2022; 88(2): 476-89. 

71. Campbell SB, Walker R, Tai SS et al. Randomized con-

trolled trial of sirolimus for renal transplant recipients at high 

risk for non-melanoma skin cancer. Am J Transplant 2012; 

12(5): 1146-56. 

72. Hoogendijk-van Den Akker JM, Harden PN, Hoitsma 

AJ et al. Two-year randomized controlled prospective trial con-

verting treatment of stable renal transplant recipients with cu-

taneous invasive squamous cell carcinomas to sirolimus. J Clin 

Oncol 2013; 31(10): 1317-23.

73. Yanik EL, Siddiqui K, Engels EA. Sirolimus eff ects on 

cancer incidence aft er kidney transplantation: a meta-analysis. 

Cancer Med 2015; 4(9): 1448-59. 

74. Engels EA, Pfeiff er RM, Fraumeni JF et al. Spectrum of 

cancer risk among US solid organ transplant recipients. JAMA 

2011; 306(17): 1891-901. 

75. Krynitz B, Edgren G, Lindelöf B et al. Risk of skin can-

cer and other malignancies in kidney, liver, heart and lung tran-

splant recipients 1970 to 2008 – a Swedish population-based 

study. Int J Cancer 2013; 132(6): 1429-38. 

76. Kyllönen L, Salmela K, Pukkala E. Cancer incidence in 

a kidney-transplanted population. Transpl Int 2000; 13(Suppl 

1): S394-8. 



R. Popper, M. Kljajić, G. Alush, W. Migo, N. Bašić-Jukić

Breast cancer and immunosuppression in kidney transplant recipients: a literature review

Acta Med Croatica, 76 (2022) 19-32

30

77. Stewart JH, Vajdic CM, van Leeuwen MT et al. Th e 

pattern of excess cancer in dialysis and transplantation. Nep-

hrol Dial Transplant. 2009; 24(10): 3225-31. 

78. Farrugia D, Mahboob S, Cheshire J et al. Malignan-

cy-related mortality following kidney transplantation is com-

mon. Kidney Int 2014; 85(6): 1395-403. 

79. van de Wetering J, Roodnat JI, Hemke AC et al. Pa-

tient survival aft er the diagnosis of cancer in renal transplant 

recipients: a nested case-control study. Transplantation 2010; 

90(12): 1542-6. 

80. McDonald SP. Australia and New Zealand dialysis and 

transplant registry. Kidney Int Suppl 2015; 5(1): 39-44. 

81. Collett D, Mumford L, Banner NR et al. Comparison of 

the incidence of malignancy in recipients of diff erent types of or-

gan: a UK registry audit. Am J Transplant 2010; 10(8): 1889-96. 

82. Vogelzang JL, van Stralen KJ, Noordzij M et al. Morta-

lity from infections and malignancies in patients treated with 

renal replacement therapy: data from the ERA-EDTA Registry. 

Nephrol Dial Transplant 2015; 30(6): 1028-37. 

83. Webster AC, Craig JC, Simpson JM et al. Identifying 

high risk groups and quantifying absolute risk of cancer aft er 

kidney transplantation: a cohort study of 15 183 recipients. Am 

J Transplant 2007; 7(9): 2140-51. 

84. Wong G, Howard K, Chapman JR et al. Cost-eff ecti-

veness of breast cancer screening in women on dialysis. Am J 

Kidney Dis 2008; 52(5): 916-29. 

85. Kasiske BL, Snyder JJ, Gilbertson DT et al. Cancer aft er 

kidney transplantation in the United States. Am J Transplant 

2004; 4(6): 905-13. 

86. Schwarz A, Vatandaslar S, Merkel S et al. Renal cell car-

cinoma in transplant recipients with acquired cystic kidney di-

sease. Clin J Am Soc Nephrol 2007; 2(4): 750-6. 

87. Nortier JL, Martinez MC, Schmeiser HH et al. Urothe-

lial carcinoma associated with the use of a Chinese herb (Ari-

stolochia fangchi). N Engl J Med 2000; 342(23): 1686-92. 

88. Lim WH, Chapman JR, Wong G. Peak panel reactive 

antibody, cancer, graft , and patient outcomes in kidney tran-

splant recipients. Transplantation 2015; 99(5): 1043-50. 

89. Hussain SK, Makgoeng SB, Everly MJ et al. HLA and 

risk of diff use large B cell lymphoma aft er solid organ tran-

splantation. Transplantation 2016; 100(11): 2453-60. 

90. Lustberg ME, Pelletier RP, Porcu P et al. Human leuko-

cyte antigen type and posttransplant lymphoproliferative disor-

der. Transplantation 2015; 99(6): 1220-5. 

91. Ma MKM, Lim WH, Turner RM et al. Th e risk of cancer 

in recipients of living-donor, standard and expanded criteria 

deceased donor kidney transplants: a registry analysis. Tran-

splantation 2014; 98(12): 1286-93. 

92. Peraldi MN, Berrou J, Venot M et al. Natural killer lymp-

hocytes are dysfunctional in kidney transplant recipients on the 

diagnosis of cancer. Transplantation 2015; 99(11): 2422-30. 

93. Jiang K, He B, Lai L et al. Cyclosporine A inhibits breast 

cancer cell growth by downregulating the expression of pyruva-

te kinase subtype M2. Int J Mol Med 2012; 30(2): 302-8. 

94. Sangthawan P, Fox J, Atkins RC et al. Increased inciden-

ce of benign breast disease in female renal transplant patients 

receiving cyclosporin. ANZ J Surg 2002; 72(3): 222-5. 

95. Wong G, Howard K, Craig JC et al. Cost-eff ectiveness of 

colorectal cancer screening in renal transplant recipients. Tran-

splantation 2008;85(4):532-41. 

96. Au E, Wong G, Chapman JR. Cancer in kidney tran-

splant recipients. Nat Rev Nephrol 2018; 14(8): 508-20. 

97. Kim B, Kang M, Kim Y et al. De novo cancer incidence 

aft er kidney transplantation in South Korea from 2002 to 2017. 

J Clin Med 2021; 10(16). 

98. Birkeland SA, Storm HH, Lamm LU et al. Cancer risk 

aft er renal transplantation in the Nordic countries, 1964-1986. 

Int J Cancer 1995; 60(2): 183-9. 

99. Benoni H, Eloranta S, Dahle DO et al. Relative and abso-

lute cancer risks among Nordic kidney transplant recipients – a 

population-based study. Transpl Int 2020; 33(12): 1700-10. 

100. Anderson TL, Brandts HM, Gunderson T et al. Breast 

cancers observed in transplant patients in a single institution. 

Clin Imaging 2021; 76: 26-9. 

101. Cheung CY, Lam MF, Chu KH et al. Malignancies aft er 

kidney transplantation: Hong Kong renal registry. Am J Tran-

splant 2012; 12(11): 3039-46. 

102. Jung SW, Lee H, Cha JM. Risk of malignancy in kidney 

transplant recipients: a nationwide population-based cohort 

study. BMC Nephrol 2022; 23(1): 160. 

103. Huo Z, Li C, Xu X et al. Cancer risks in solid organ 

transplant recipients: results from a comprehensive analysis of 

72 cohort studies. Oncoimmunology 2020; 9(1). 

104. Fuhrmann JD, Valkova K, von Moos S et al. Cancer 

among kidney transplant recipients more than 20 years aft er 

transplantation: post-transplant lymphoproliferative disorder 

remains the most common cancer type in the ultra long-term. 

Clin Kidney J 2022; 15(6): 1152-9.

105. Wong G, Chapman JR, Craig JC. Death from cancer: a 

sobering truth for patients with kidney transplants. Kidney Int 

2014; 85(6): 1262-4. 

106. Yasumura T, Ohmori Y, Aikawa I et al. Breast cancer 

arising de novo in recipients of kidney allograft . Jpn J Surg 1989; 

19(3): 370-5. 

107. Kwak HY, Chae BJ, Bae JS et al. Breast cancer aft er kid-

ney transplantation: a single-institution review. World J Surg 

Oncol 2013; 11: 77. 

108. Jeong IJ, Lee SG, Kim YH et al. Characteristics and 

prognosis of breast cancer aft er liver or kidney transplantation. 

Breast Cancer Res Treat 2018; 167(1): 101-6. 

109. Buell JF, Hanaway MJ, Trofe J et al. De novo breast can-

cer in renal transplant recipients. Transplant Proc 2002; 34(5): 

1778-9. 

110. Chen J, Pan Y, He B et al. Meta-analysis of the progno-

stic value of infl ammation parameter in breast cancer. J Cancer 

Res Th er 2018; 14(8): S85-S9. 

111. Vigneri P, Frasca F, Sciacca L et al. Diabetes and cancer. 

Endocr Relat Cancer 2009; 16(4): 1103-23. 



R. Popper, M. Kljajić, G. Alush, W. Migo, N. Bašić-Jukić

Breast cancer and immunosuppression in kidney transplant recipients: a literature review

Acta Med Croatica, 76 (2022) 19-32

31

112. Larsson SC, Mantzoros CS, Wolk A. Diabetes mellitus 

and risk of breast cancer: a meta-analysis. Int J Cancer 2007; 

121(4): 856-62. 

113. Jager KJ, Fraser SDS. Th e ascending rank of chronic 

kidney disease in the global burden of disease study. Nephrol 

Dial Transplant 2017; 32(Suppl 2): ii121-8.

114. Kassebaum NJ, Arora M, Barber RM et al. Global, re-

gional, and national disability-adjusted life-years (DALYs) for 

315 diseases and injuries and healthy life expectancy (HALE), 

1990-2015: a systematic analysis for the Global Burden of Dise-

ase Study 2015. Lancet 2016; 388(10053): 1603-58. 

115. Nelson HD, Fu R, Cantor A et al. Eff ectiveness of bre-

ast cancer screening: systematic review and meta-analysis to 

update the 2009 U.S. Preventive Services Task Force recom-

mendation. Ann Intern Med 2016; 164(4): 244-55.

116. Kasiske BL, Vazquez MA, Harmon WE et al. Recom-

mendations for the outpatient surveillance of renal transplant 

recipients. American Society of Transplantation. J Am Soc 

Nephrol 2000; 11(Suppl 15): S1-86.

117. Kato T, Kakuta Y, Abe T et al. Th e benefi ts of cancer 

screening in kidney transplant recipients: a single-centre expe-

rience. Cancer Med 2016; 5(2): 153-8. 

118. Acuna SA, Huang JW, Scott AL et al. Cancer Scree-

ning Recommendations for Solid Organ Transplant Recipients: 

a systematic review of clinical practice guidelines. Am J Tran-

splant 2017; 17(1): 103-14. 

119. Kiberd BA, Keough-Ryan T, Clase CM. Screening for 

prostate, breast and colorectal cancer in renal transplant reci-

pients. Am J Transplant 2003; 3(5): 619-25. 

120. Welch HG, Black WC. Over-diagnosis in cancer. J Natl 

Cancer Inst 2010; 102(9): 605-13. 

121. Wong G, Webster AC, Chapman JR et al. Reported 

cancer screening practices of nephrologists: results from a nati-

onal survey. Nephrol Dial Transplant 2009; 24(7): 2136-43. 

122. Scandling JD. Kidney transplant candidate evaluation. 

Semin Dial 2005; 18(6): 487-94. 

123. Chadban SJ, Ahn C, Axelrod DA et al. KDIGO clinical 

practice guideline on the evaluation and management of candi-

dates for kidney transplantation. Transplantation 2020; 104(Su-

ppl 1): S11-103. 

124. Lim WH, Au E, Krishnan A et al. Assessment of kid-

ney transplant suitability for patients with prior cancers: is it 

time for a rethink? Transplant Int 2019; 32(12): 1223-40. 

125. Mukhtar RA, Piper ML, Freise C et al. Th e novel appli-

cation of genomic profi ling assays to shorten inactive status for 

potential kidney transplant recipients with breast cancer. Am J 

Transplant 2017; 17(1): 292-5. 

126. Wong G, Au E, Badve S et al. Breast cancer and trans-

plantation. Am J Transplant 2017; 17(9): 2243-53. 

127. Marcén R, Pascual J, Tato AM et al. Infl uence of im-

munosuppression on the prevalence of cancer aft er kidney 

transplantation. Transplant Proc 2003 Aug; 35(5): 1714-6.



R. Popper, M. Kljajić, G. Alush, W. Migo, N. Bašić-Jukić

Breast cancer and immunosuppression in kidney transplant recipients: a literature review

Acta Med Croatica, 76 (2022) 19-32

32

Rak dojke najčešća je novotvorina i peti uzrok smrti žena. Etiologija i patogeneza ovoga zloćudnog tumora su multifak-

torske. Pojava neoplazma u primatelja solidnih organa liječenih imunosupresivnim lijekovima je 2 do 3 puta veća nego u 

općoj populaciji. U rizičnoj populaciji su i žene s presađenim bubregom. Cilj ovoga pregleda literature je istražiti poveza-

nost pojavnosti karcinoma dojke u primatelja bubrežnog presatka i imunosupresivnih režima, opisati njihovu ulogu u tom 

procesu te istražiti trenutne preporuke probira za rano otkrivanje karcinoma dojke u toj populaciji. Kako bismo pristupili 

potrebnoj literaturi koristili smo bazu podataka PubMed-a. MeSH pojmovi uporabljeni za pretragu baze literature su bili: 

“breast cancer”; “risk factors”; “cancer screening”; “kidney transplantation”; “immunosuppression” i “cancer”. Nakon pri-

mjene kriterija isključenja ukupno je pregledano 409 članaka. Članci su uključivali randomizirana kontrolna istraživanja, 

preglede i sustavne preglede literature. Uporabljene su i reference s drugih pregleda literature kako bi se pribavile dodatne 

relevantne informacije koje potencijalno nisu bile dohvaćene pri inicijalnoj pretrazi. Karcinom dojke najdijagnosticiraniji je 

karcinom i ujedno peti vodeći uzrok smrti žena u svijetu. Karcinom dojke je na trećem mjestu liste malignih uzročnika smrti, 

odmah iza karcinoma pluća i kolorektalnog karcinoma. Karcinom dojke je uzrokovan kombinacijom hormonskih i genetskih 

čimbenika te čimbenika vezanih uz starenje. Značajan čimbenik procesa kancerogeneze je imunosupresija, što potvrđuje 

dva do tri puta češća pojavnost malignih bolesti u populaciji primatelja transplantiranih organa. Kronična imunosupresivna 

terapija, okolišni čimbenici (izlaganje sunčevu zračenju) i genetički zapisi pojedinaca utječu na proces razvoja malignih 

bolesti u primatelja transplantiranih organa. Imunosupresivni lijekovi smanjuju imuni nadzor, što pospješuje proces virusne 

onkogeneze te opće karcinogeneze. Primatelji bubrežnog presatka skloniji su razvoju karcinoma upravo zbog doživotne 

imunosupresivne terapije pa je karcinom drugi uzročnik smrtnosti kod te populacije. Od iznimne važnosti je spomenuti 

da razlike u procijenjenom riziku razvoja karcinoma ovise upravo o vrsti karcinoma. Pokazalo se da imunosupresija ne 

utječe na određene maligne bolesti poput karcinoma dojke, jer je njihov relativni rizik usporediv s onim u općoj populaciji. 

Zbog ograničenog broja radova koji se bave tematikom karcinoma dojke nakon transplantacije bubrega ovom prigodom 

predstavljamo sveobuhvatan pregled dosadašnje literature, trenutnog razumijevanja patofi ziologije bolesti, uloge probira u 

njenoj dijagnozi i liječenju. Opsežnim pregledom literature došli smo do zaključka da rizik razvoja karcinoma dojke nakon 

transplantacije u primatelja bubrežnog presatka nije povećan u usporedbi s općom populacijom. Iz pregledanih radova 

proizlazi zaključak da razvoj karcinoma dojke u primatelja bubrežnog presatka nije povezan s post-transplantacijskim 

imunosupresivnim režimom te je uglavnom povezan sa starenjem i neovisnim čimbenicima rizika koji sami po sebi mogu 

dovesti do transplantacije bubrega, kao što je dijabetes melitus. Zbog programa probira za rano otkrivanje karcinoma 

post-transplantacijski karcinom dojke obično se dijagnosticira rano. Međutim, ako ga se dijagnosticira u uznapredovalim 

stadijima povezan je sa značajno lošijim ishodom i povećanom razinom smrtnosti u usporedbi s općom populacijom. Pre-

poruka je da se probir bolesnika provodi zajedno s općom populacijom koja odgovara dobi i spolu bolesnika s presatkom, 

uz naglasak na individualni pristup svakom bolesniku. Iznimno je važno napomenuti da je ovo područje medicine koje 

zahtijeva daljnje istraživanje. Zbog rijetkosti post-transplantacijskog karcinoma dojke i oskudnih resursa na tu tematiku 

većina smjernica ekstrapolirana je iz opće populacije i ne odgovara minimalnom riziku od razvoja te bolesti. Slično tome, 

smjernice za liječenje izvedene su iz podataka opće populacije i ne uzimaju u obzir posebna razmatranja kod populacije 

pacijenata s bubrežnim presatkom kao: održavanje funkcionalnog presatka, odbacivanje presatka, nefrotoksične kemo-

terapijske lijekove i istodobnu primjenu imunosupresivnih lijekova. Potrebno je spomenuti da je heterogenost rezultata o 

kojima se raspravlja u našem pregledu literature posljedica različitih vrsta imunosupresivnih režima, transplantiranih orga-

na, pridruženih bolesti, duljine praćenja bolesnika i programa probira. Kako bi se defi nirale jasne smjernice prilagođene 

ovoj populaciji, potrebno je daljnje istraživanje mehanizama nastanka bolesti, uz produljeno vrijeme praćenja pacijenata na 

različitim imunosupresivnim režimima kako bi se omogućila naknadna usporedba.

Ključne riječi: karcinom dojke, čimbenici rizika, probir, transplantacija bubrega, imunosupresija
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