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Kidney transplant (KT) recipients are known to be at risk of developing several cancer

aimed to assess the risk of cancer death among Italian KT recipients compared to the
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uals who underwent KT between 2003 and 2020 in 17 lItalian centers. Date and cause

estimate standardized mortality ratios (SMRs) and corresponding 95% confidence inter-
vals (Cls). Cancer was the most common cause of death among the 7373 KT recipients,
constituting 32.4% of all deaths. A 1.8-fold excess mortality (95% Cl: 1.59-2.09) was
observed for all cancers combined. Lymphomas (SMR = 6.17, 95% Cl: 3.81-9.25), kidney
cancer (SMR =5.44, 95% Cl: 2.97-8.88) and skin melanoma (SMR = 3.19, 95% CI:
1.03-6.98) showed the highest excess death risks. In addition, SMRs were increased
about 1.6 to 3.0 times for cancers of lung, breast, bladder and other hematopoietic and
lymphoid tissues. As compared to the general population, relative cancer mortality risk
remained significantly elevated in all age groups though it decreased with increasing age.
A linear temporal increase in SMR over time was documented for all cancers combined
(P < .01). Our study documented significantly higher risks of cancer death in KT recipi-
ents than in the corresponding general population. Such results support further investi-

gation into the prevention and early detection of cancer in KT recipients.

Abbreviations: Cl, confidence interval; HR, hazard ratio; IQR, interquartile range; KT, kidney transplant; NHL, non-Hodgkin lymphoma; PTLD, post-transplant lymphoproliferative diseases;
PY, person-year; SMR, standardized mortality ratio.

For affiliations refer to page 849

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. International Journal of Cancer published by John Wiley & Sons Ltd on behalf of UICC.

842 wileyonlinelibrary.com/journal/ijc Int. J. Cancer. 2024;154:842-851.


https://orcid.org/0000-0002-6731-7569
https://orcid.org/0000-0003-0565-8920
https://orcid.org/0000-0002-7342-0263
mailto:mtaborelli@cro.it
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/ijc
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fijc.34787&domain=pdf&date_stamp=2023-11-04

TABORELLI ET AL.

KEYWORDS

What's new?

1 | INTRODUCTION

Cancers represent a major adverse outcome of organ transplantation,
as they are often diagnosed at advanced stages and exhibit more
aggressive behaviors than those occurring in the general popula-
tion.? While trends in mortality from cardiovascular disease and
infections in the transplant population shows declines due to a combi-
nation of improved therapies and preventive strategies,>* cancer is
expected to become the leading cause of death. Transplant recipients
who have developed post-transplant cancer have been shown to have
a higher risk of death with a functioning graft than recipients without
cancer,>® with most deaths attributed to cancer.” However, cancer as
a cause of death in transplant recipients have not yet been fully eluci-
dated in comparison with the general population.

Several studies have shown that a wide range of cancers occur
with excess rates in the post-transplant scenario.8*? Nevertheless, an
increase in cancer incidence relative to the general population may
not necessarily lead to an increase in cancer mortality in this popula-
tion. Cancer patterns and outcomes among transplant recipients may
differ from those in the general population, due to the high burden of
comorbid medical conditions, the influence of transplant-related fac-
tors and immunosuppression.

Although the burden of cancer death is increasing in this high-risk
population, the literature on cancer mortality after kidney transplanta-

91315 and little evidence has emerged in southern

tion is sparse,
European countries, including Italy.*® Further evidence of cancer mor-
tality patterns among transplant recipients will help to identify high-risk
patients, and facilitate appropriate interventions (eg, targeted cancer
screening and cancer-specific treatments) which could lead to further
improvements in long-term survival of organ transplant recipients.

In our study, we aimed to assess whether cancer mortality among
Italian kidney transplant (KT) recipients was higher than in the corre-

sponding general population.

2 | MATERIALS AND METHODS
21 | Study population

We conducted a cohort study using data collected among individuals

undergoing a first KT in 17 centers throughout Italy between 2003
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Kidney transplant recipients have increased risk of developing certain cancers, but their cancer
mortality is not well documented. Here, the authors conducted a cohort study of 7373 individuals
who had received a transplanted kidney. Cancer was the most common cause of death, accounting
for 32% of all deaths. For all cancers combined, the transplant recipients had a 1.8-fold excess mor-
tality; the highest excess death risks were seen with lymphomas, kidney cancers and skin mela-

noma. These results suggest a need for increased cancer surveillance among transplant recipients.

and 2020. The permanently open recruitment started in 1997, that is,
this is a dynamic cohort where KT recipients enter the cohort at dif-
ferent times when they meet eligibility criteria.

From 8503 potentially eligible KT recipients, we excluded those
who met any of the following criteria: a history of transplantation
received before 2003 (n = 783); age at the time of KT <18 years
(n = 20); follow-up <30 days after KT (n = 245); or a cancer diagnosis
within 30 days after KT (n = 82). Therefore, 7373 KT recipients were

included in the present analysis.

2.2 | Data collection and death ascertainment

At each participating center, a trained study coordinator retrieved the
appropriate information from medical records and quality-checked
the data for completeness and accuracy. Data collected included demo-
graphic characteristics of KT recipients (eg, sex, age at KT, area of resi-
dence), transplant information (eg, transplant center, date of KT,
underlying renal disease and donor status), plus follow-up data. Histolog-
ically confirmed post-transplant cancer diagnoses were ascertained as a
result of clinical follow-up. The vital status and cause of death were
actively collected from medical records until 31 December 2020. Deaths
caused by cancer were classified according to the “European shortlist of
causes of death”, based on the International Statistical Classification of
Diseases and Related Health Problems, 10th revision (ICD-10).

2.3 | Statistical analyses
For each KT recipient, person-years (PYs) at risk of death were calcu-
lated as the time elapsed from 30 days after KT to the date of death,
to the date of return to dialysis, to the date of loss of follow-up or to
31 December 2020, whichever occurred first. The proportion of indi-
viduals who were censored for return to dialysis was 18%, while 16%
of participants were censored for loss to follow-up. For each partici-
pating center, we counted as lost to follow-up those who did not
show up for scheduled follow-up, and those for whom follow-up was
incomplete because participating centers had not yet updated
their data.

Demographic and clinical characteristics of cohort members were

summarized using absolute counts and proportions.
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To determine absolute mortality risk estimates, all-cause and
cause-specific cumulative incidence function was estimated. For can-
cer mortality and non-cancer mortality, the analysis was performed
treating all other causes of death as a competing risk.}”

The risk of cancer death of KT recipients, compared to that of the
general population, was estimated using sex-, age-, area of residence-
and period-standardized mortality ratios (SMRs). SMRs were com-
puted by dividing the observed number of cancer deaths by the
expected one.'® The latter number was estimated by multiplying
the amount of PYs among KT recipients by the corresponding cancer
mortality rates in the Italian general population (data provided by the
Italian Institute of Statistics).'” The 95% confidence intervals (Cls) for
SMRs were calculated using the exact Poisson method.

Time trend analyses for cancer mortality and non-cancer mortality
were performed through “rolling average” SMRs by 10-year overlap-
ping calendar periods (10-year periods from 2003-2012 to
2011-2020).242°

To evaluate factors associated with cancer death, hazard ratios
(HRs) of death and corresponding 95% Cls were estimated using Cox
proportional hazard models, adjusted for sex and age at
transplantation.

All tests were two-sided, and a P-value <.05 was considered sta-
tistically significant. All statistical analyses were performed using SAS
(SAS Institute, Cary, NC, version 9.4).

3 | RESULTS

The 7373 KT recipients were followed for a total of 43 163 PYs, with a
median follow-up time of 5.8 years (interquartile range, IQR:
3.0-8.3 years) (Table 1). A total of 664 KT recipients (9.0%) died during
the observation period (median follow-up time 4.4 years; IQR:
1.8-7.0 years). The proportion of deaths among KT recipients increased
with age at the time of KT, while it decreased with increasing transplan-
tation calendar period; moreover, it was higher among males, among
residents of central Italy, among those who received a kidney from a
deceased donor, and among those who had hypertensive nephropathy/
vascular disease as the primary cause of renal failure (Table 1).

Cancer accounted about one-third of all deaths (n = 215, 32.4%).
It was the most common cause of death in our cohort, followed by
cardiovascular disease (23.0%) and genitourinary disease (14.3%)
(Table 2). The cumulative incidence of all-cause and cause-specific
mortality is presented in Figure 1. The risk of all-cause death was
5.9% at 5 years after KT and 16.0% after 10 years (Figure 1A). As with
non-cancer deaths, the cumulative incidence of cancer deaths
increased over the follow-up period, but at a lower rate. The risk of
cancer death reached 1.6% at 5 years after KT and 5.8% at 10 years
(Figure 1B).

Among cancer deaths, lung cancer (n = 47) was the most com-
mon cause, accounting for 7.1% of all deaths, followed by post-
transplant lymphoproliferative diseases (PTLD) (n = 34, 5.1%; mostly
due to non-Hodgkin lymphomas [NHL]), and kidney cancer (n = 14,
2.1%). The observed and expected numbers of cancer deaths, with

corresponding SMRs, by cancer types/sites are presented in Figure 2.
Considering all cancer deaths combined, a 1.8-fold excess mortality
was found among KT recipients as compared to the corresponding
general population (95% Cl: 1.59-2.09). Elevated SMRs were found in
several cancer types/sites (Figure 2). Lymphomas (SMR = 6.17, 95%
Cl: 3.81-9.25), kidney cancer (SMR = 5.44, 95% Cl: 2.97-8.88) and
skin melanoma (SMR = 3.19, 95% Cl: 1.03-6.98) showed the highest
excess death risks. In addition, the SMR was increased about 1.6 to
3.0 times for cancers of the trachea, bronchus and lung (SMR = 1.57,
95% Cl: 1.15-2.07), breast (SMR = 2.12, 95% CI: 1.13-3.52), bladder
(SMR = 2.56, 95% CI: 1.10-4.82) and other hematopoietic and lym-
phoid tissues (SMR = 2.95, 95% Cl: 1.08-6.09). For a composite group
of other malignant neoplasms, a 2.8-fold excess mortality was
observed (95% Cl: 1.95-3.73); this group includes relevant malignan-
cies such as nonmelanoma skin cancer (n = 12), mesothelioma (n = 6)
and Kaposi's sarcoma (n = 3) for which cause-specific mortality data
were not available, thus not allowing calculation of specific SMRs.

SMRs for all cancers deaths were also estimated according to sex,
attained age and follow-up time (Figure S1). All-site relative cancer
mortality risk decreased with increasing attained age, but it remained
significantly elevated as compared to the general population in all age
groups: it was increased 6-fold (95% Cl: 2.22-13.17) for the <40-year-
old group and 1.7-fold (95% Cl: 1.44-2.00) in the 260-year-old group.
In addition, SMRs were 2.38 (95% CI: 1.85-3.01) among female recipi-
ents and 1.65 (95% Cl: 1.39-1.94) among males. In the analysis by
follow-up time, the risk increased with increasing follow-up and it was
particularly high after 7 years since KT (SMR =4.96, 95% Cl:
3.86-6.26; Figure S1).

A linear temporal increase in SMR for cancer mortality (all cancers
combined) was documented in the unadjusted analysis and after
adjustment for sex, age and follow-up time (P <.01; Figure 3A,B,
respectively). In the adjusted analysis, all-site cancer mortality was 2.3
times higher than that of the corresponding general population
between 2003 and 2012 (95% Cl 1.88-2.83) and was 3.2 times higher
between 2011 and 2020 (95% Cl: 2.65-3.75). For non-cancer deaths,
relative mortality risk did not change over time in the unadjusted anal-
ysis (P =.33; Figure 3C), whereas there was evidence of a slight
decrease after adjustments (P < .01; Figure 3D).

Table 3 shows the HRs of cancer death according to selected
characteristics of KT recipients. The HRs increased with age
(HR = 10.65, 95% ClI: 6.20-18.32 in those aged 260 years) and were
higher among subjects who underwent transplantation in the most
recent period (HR = 1.56, 95% Cl: 1.04-2.35 among KT recipients
transplanted in 2010-2020) and in those who received a kidney from
a deceased donor (HR = 2.99, 95% Cl: 1.23-7.29). No statistically sig-
nificant associations emerged for area of residence and primary cause

of kidney failure.

4 | DISCUSSION

This multicenter cohort study provided estimates of excess cancer

mortality among Italian KT recipients compared to the general
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TABLE 1 Distribution of 7373 Total Deaths
kidney transplant (KT) recipients and of
664 KT recipients deceased, by selected (N = 7373) (N = 664)
characteristics. T
Characteristics No. (%) No. %
Sex
Male 4692 (63.6) 459 9.8
Female 2681 (36.4) 205 7.6
Age at transplantation
<40 1663 (22.6) 39 2.3
40-49 1663 (22.6) 83 5.0
50-59 2164 (29.3) 213 9.8
260 1883 (25.5) 329 17.5
Calendar year at transplantation
2003-2005 2540 (34.4) 311 12.2
2006-2009 2563 (34.8) 246 9.6
2010-2020 2270 (30.8) 107 4.7
Area of residence
Northern Italy 4149 (56.3) 354 8.5
Central Italy 959 (13.0) 97 10.1
Southern Italy 2233 (30.3) 210 9.4
Abroad 32(0.4) 3 9.4
Status of the donor
Alive 795 (10.8) 23 29
Deceased 6578 (89.2) 641 9.7
Primary cause of kidney failure
Glomerulonephritis 2602 (35.3) 217 8.3
Polycystic kidney disease 1315(17.8) 109 8.3
Pyelonephritis/Interstitial nephritis 657 (8.9) 56 8.5
Hypertensive nephropathy/vascular disease 464 (6.3) 56 12.1
Diabetes 473 (6.4) 55 11.6
Other/uncertain 1862 (25.3) 171 9.2
Follow-up (years)
Median (IQR) 5.8(3.0-8.3) 4.4 (1.8-7.0)
Total person-years 43 162.7 3100.0

Abbreviation: IQR, interquartile range.

population of the same sex, age, period and area. The magnitude of
increased risks varied by cancer site, with particularly elevated
increases observed for cancers frequently diagnosed among KT recipi-
ents, such as lymphomas, kidney cancer, cutaneous melanoma and
lung cancer.

Despite the large number of studies that have explored cancer
incidence in the context of KT, cancer mortality in this population has
been poorly investigated. Nevertheless, available epidemiological evi-
dence has suggested that the prognosis of KT recipients diagnosed
with cancer is much worse than that of cancer-free transplanted
patients or subjects with cancer in the general population.”*31> In
our study, cancer was found to be the most common cause of death
among KT recipients, representing 32.4% of all deaths after 30 days

post-transplantation. This finding suggests that cancer may have over-
taken cardiovascular diseases as the leading cause of death among
Italian individuals undergoing KT.

We found that, in comparison with the general population, cancer
mortality risk was increased almost 2-fold among KT recipients. In
contrast, a large investigation that examined cancer mortality among
164 078 US KT recipients reported no excess risk of cancer mortality
compared to the general population, a finding attributed to the com-
peting risk of non-cancer death.?! Our results are consistent with

those from studies carried out in Canada,*> Northern Europe,s"22

d 14,15

Australia and New Zealand, where excess cancer mortality risks

ranging from 1.9 to 2.9 times have been reported. According to other

13-15

cohort studies, we also found that the excess risk of cancer

25UBO 1] SUOLLILIOD A 1ER.10) 3| dde 3 Aq PoUIBAOB 918 SB[D 1L WO ‘38N J0 Sa | O AZIGl1 BUIIUO AB]1AM UO (SUO1HIPUOO-PUE-SWWLBIALIOD" A3 IvAe.c]BU 1 UO//'Sc1U) SUONIPUOD PUe LB 1 81 39S [7202/ZT/9T] Uo ARIqITaUIUO AB1IM *BIE1BURILPOD) AQ 2827 DIZ00T OT/10p/LICO A1 Azeiq1jpujuo//Sdy WoJy papeojumoq ‘G ‘¥Z0Z ‘STZ0L60T



TABORELLI ET AL.

| INTERN/ \T]O\I AL Suicc
JOURNAL of CANCER

TABLE 2 Causes of death among kidney transplant (KT)
recipients.

Deaths of KT

recipients

(N = 664)
Causes of death (ICD-10 codes) N (%)
Malignant neoplasms (C00-C97) 215 (32.4)
Circulatory system (100-199) 153 (23.0)
Genitourinary system (NOO-N99) 95 (14.3)
Infectious and parasitic diseases (A00-B99) 48 (7.2)
Digestive system (KO0-K93) 45 (6.8)
Respiratory system (JOO-J99) 26 (3.9)
Endocrine, nutritional and metabolic diseases 5(3.8)

(E00-E90)

External causes (S00-Y99) 14 (2.1)
Other 29 (4.4)
Missing 14 (2.1)

mortality for all cancers combined was highest in the younger attained
age group, though the risk remained elevated across all age groups.
This pattern may be attributed to the low cancer mortality rates in the
young general population, and to increased competing causes of
death (ie, cardiovascular and infectious diseases) in the older trans-
plant population.

The risk of site-specific cancer mortality for KT recipients was sig-
nificantly elevated for several individual cancer sites, reflecting the
pattern of site-specific cancer incidence in this population.®1012:23
The greatest relative cancer mortality risks (ie, SMR > 3) occurred for
virus-related neoplasms such as PTLD (associated with infection of
Epstein Barr virus infection), cancers associated with impaired
immune surveillance such as melanoma skin cancers, and those
related to underlying end-stage renal disease, such as kidney cancers.?
These results were consistent with previous studies.’**®> Regarding
cancers with high mortality burden in the general population, elevated
excess risks were found for lung and breast cancers, while the relative
risk of death for colorectal and prostate cancers was not increased in
our cohort. Notably, lung cancer was the most common cause of can-
cer death in our cohort. Although the risk of developing lung cancer is
only slightly increased in KT recipients compared to the general
population,® the risk of death is significantly higher.1#?425 There is
consistent evidence from observational studies indicating that the
risk of breast cancer in transplant recipients is either reduced or com-
parable to that of the general population.®?® However, in line with
our results, previous registry-based studies have shown that the risk
of breast cancer death is increased at least 2-fold in female KT
recipients compared to women with breast cancer in the matched
general population.?%?” The reasons for this increased risk of death
are unclear, but it could be attributed to increased biological aggres-
siveness and invasiveness of the tumor under the influence of

immunosuppression.?®

While cancer mortality has improved in recent decades in the
general population,?’ this trend has not been confirmed in our trans-
plant population. Indeed, we observed an increase in overall cancer
mortality in the most recent calendar years. One could argue that this
could be the result of an increase in cancer incidence, but recent stud-
ies have shown that cancer incidence has not changed significantly
over time in the past three decades.%° It is more likely that this
upward trend is the result of long-term immunosuppression in long-
term survivors. It cannot be ruled out that a partial lack of complete-
ness in the follow-up data, particularly regarding subjects lost to
follow-up among those transplanted in the early years of the study,
may have impacted the upward trend observed in the overall cancer
mortality, though no significant difference was detected in survival
distributions according to transplantation period (data not shown). In
contrast to our results, using the same approach a study from the
Australian and New Zealand Dialysis and Transplantation Registry
found that the relative cancer mortality risk did not change between
1980 and 2013, with the exception of colorectal cancer (for which a
linear temporal increase in SMR was shown).** However, SMRs in that
investigation were constantly higher than those found herein, and
the different observation periods did not allow for an adequate com-
parison. A recent investigation conducted in the United States®®
which, conversely, used an internal comparison approach, showed
that KT recipients with cancer had a persistently elevated risk
of death compared to those without cancer over three decades
(1987-1996/1997-2006/2007-2016), with no significant change over
time. Only among KT recipients with NHL, the authors found a signifi-
cant decrease in the relative risks of death over the three periods.

Prolonged immunosuppression may result in increased tumor
proliferation and spread, leading to more advanced stages of
disease at the occurrence, which may preclude surgical or
chemo-radiotherapeutic options.3! Given the potential role of immu-
nosuppression in reducing immune surveillance and promoting cancer
growth, treatment modulation in high-risk patients may have an
impact on cancer mortality in transplant recipients, particularly for
those cancers with a presumed viral or immunosuppression-related
etiology.>?®® However, this approach must be carefully balanced
against the risk of causing graft rejection.!? In our study, we could not
further explore the contribution of immunosuppression to the
observed cancer mortality, since we did not collect information on
immunosuppressive drugs with the same details and completeness.
Nevertheless, it is worth noting that in a setting where KT recipients
are generally treated with multidrug maintenance therapy, it is diffi-
cult to isolate the single effect of a particular drug from the effect of
the overall immunosuppressive regimen.

Prevention and screening play an important role in reducing the
cancer burden in this at-risk population. Although routine cancer
screening is recommended for all individuals undergoing KT, current
surveillance strategies are largely based on data from the general pop-
ulation.>* Recommendations for cancer screening should also be tar-
geted to cancers for which transplant recipients are at high risk and,
therefore, individualized based on the risk factors specific to the

transplant population.***?
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The gray filled area represents the 95% confidence interval.
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Deaths of KT recipients

(N = 664)
Observed Expected
Cancer site (ICD-10 codes) SMR (95% CI)
deaths (%) deaths

All malignant neoplasms (C00-C97) 215 (32.4) 117.4 1.83 (1.59-2.09)
Lip, oral cavity, pharynx (C00-C14) 4 (0.6) 3.0 1.32 (0.36-3.14)
Oesophagus (C15) 2(0.3) 1.9 1.04 (0.13-3.34)
Stomach (C16) 11(1.7) 6.6 1.66 (0.83-2.88)
Colon, rectum and anus (C18-C21) 11(1.7) 11.8 0.93 (0.47-1.62)
Liver (C22) 5(0.8) 7.8 0.64 (0.21-1.41)
Pancreas (C25) 8(1.2) 7.8 1.03 (0.44-1.94)
Larynx (C32) 2(0.3) 1.7 1.20 (0.15-3.88)
Trachea, bronchus, lung (C33-C34) 47 (7.1) 29.9 1.57 (1.15-2.07)
Skin melanoma (C43) 5(0.8) 1.6 3.19 (1.03-6.98)
Breast (C50) 13(2.0) 6.1 2.12 (1.13-3.52)
Other and unspecified parts of uterus (C54-C55) 3(0.5) 1.1 2.65 (0.55-7.09)
Ovary (C56) 1(0.2) 1.8 0.57 (0.01-2.66)
Prostate (C61) 4 (0.6) 35 1.13 (0.31-2.69)
Kidney (C64) 14 (2.1) 2.6 5.44 (2.97-8.88)
Bladder (C67) 8(1.2) 3.1 2.56 (1.10-4.82)
Brain and central nervous system (C70-C72) 4 (0.6) 3.7 1.07 (0.29-2.55)
Thyroid (C73) 1(0.2) 0.4 2.84 (0.07-13.27)
PTLD (C81-C96) 34 (5.1) 8.9 3.81 (2.64-5.26)
Hodgkin disease and Lymphomas (C81-C86) 21(3.2) 3.4 6.17 (3.81-9.25)
Leukaemia (C91-C95) 7(1.1) 35 2.00 (0.81-3.93)
Other of lymph./haematopoietic tissue (C88,C90,C96) 6 (0.9) 2.0 2.95 (1.08-6.09)
Other malignant neoplasms? 38 (5.7) 13.8 2.75(1.95-3.73)

Cumulative incidence of all-cause (A) and cause-specific mortality (B) in kidney transplant recipients by time since transplantation.
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C68-C69, C74-C80, C97) for which cause-specific mortality data were not available, among these (n > 3 cases): 12 nonmelanoma skin cancers
(C44), 6 mesotheliomas (C45), 3 Kaposi's sarcomas (C46) and 6 unspecified malignant cancers (C80). Cl, confidence interval; PTLD, post-

transplant lymphoproliferative diseases.
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FIGURE 3 Rolling standardized mortality ratios for cancer deaths (A,B) and non-cancer deaths (C,D) by 10-year overlapping calendar periods.
The gray filled area represents the 95% confidence interval. ?Adjusted for sex, age and follow-up time.

Some limitations related to the nature of the data used should
also be taken into account. Data on causes of death were collected
from medical records, and the quality of reported information may
vary across participating centers. Despite the close clinical follow-up
of the KT recipients, a partial lack of completeness of follow-up data
cannot be ruled out. However, the cause of death was determined in
most KT recipients and only 2% in our study were classified with an
unknown cause of death due to insufficient information. Furthermore,
our results require careful interpretation because of the lack of infor-
mation on cancer stage at diagnosis and treatment details, which are
not routinely collected in Italian KT centers. Finally, SMRs of Kaposi's
sarcoma and nonmelanoma skin cancers—which are common malig-
nancies in the KT population—were not calculated because mortality
rates for these cancers lack in the general population.

Nonetheless, our study contributes to the currently limited litera-
ture on the impact of cancer on the mortality of KT recipients. To our
knowledge, the present study is the largest cohort to provide recent
estimates of excess cancer mortality among KT recipients in a south-
ern European population. Important strengths include the relatively
large sample size that allowed analyses by cancer type, the regular
follow-up of KT recipients and the multicentric nature of the study.

In conclusion, the results of our study further stress the need of
monitoring the burden of cancer among KT recipients, as they are also
at a higher risk of cancer death than the general population. Strategies
to improve cancer prevention and surveillance, as well as a greater
understanding of risk factors and treatment approaches that contrib-
ute to mortality, are crucial to further improve long-term outcomes in

this population.
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TABLE 3 Hazard ratios (HR) for cancer death (all cancers
combined) among kidney transplant recipients according to selected
variables.

Cancer deaths

(N = 215)
HR (95% CI)?
Sex
Male 1b
Female 1.13 (0.85-1.51)
Age at transplantation
<40 1°
40-49 1.98 (1.05-3.71)
50-59 3.97 (2.26-6.97)
260 10.65 (6.20-18.32)
Calendar year at transplantation
2003-2005 1°
2006-2009 1.26 (0.93-1.71)
2010-2020 1.56 (1.04-2.35)
Area of residence
Northern Italy >
Central Italy 1.32(0.91-1.93)

Southern Italy 0.95(0.69-1.31)
Status of the donor

Alive 1°

Deceased 2.99 (1.23-7.29)
Primary cause of kidney failure

Glomerulonephritis >
0.86 (0.58-1.28

1.32(0.81-2.15

Polycystic kidney disease

Pyelonephritis/Interstitial nephritis

0.91(0.47-1.75
1.08 (0.76-1.55

( )

( )

Hypertensive nephropathy/vascular disease 1.20 (0.73-1.97)
Diabetes ( )
( )

Other/uncertain

2Estimated using Cox proportional hazard models adjusted for sex and age
at transplantation.

PReference category.

Abbreviation: Cl, confidence interval.

interpretation. Paola Todeschini: Collected data and contributed to
data interpretation. Tommaso Maria Manzia: Collected data and con-
tributed to data interpretation. Francesco Pisani: Collected data and
contributed to data interpretation. Vincenzo Cantaluppi: Collected
data and contributed to data interpretation. Simona Simone: Col-
lected data and contributed to data interpretation. Margherita Man-
gino: Collected data and contributed to data interpretation.
Mariarosaria Campise: Collected data and contributed to data inter-
pretation. Andrea Ambrosini: Collected data and contributed to data
interpretation. Flavia Caputo: Collected data and contributed to data
interpretation. Pierluca Piselli: Conceived and designed the study and
draft the article; Coordinated data collection and managed the data-

bases. All authors critically revised the article for important intellectual

INTERNATIONAL uce 849
JOURNAL of CANCER

content and approved the final version. The work reported in the arti-
cle has been performed by the authors, unless clearly specified in
the text.

AFFILIATIONS

1Unit of Cancer Epidemiology, Centro di Riferimento Oncologico di
Aviano (CRO), IRCCS, Aviano, Italy

2Department of Epidemiology and Pre-Clinical Research, National
Institute for Infectious Diseases “L. Spallanzani” IRCCS, Rome, Italy
3Unit of Kidney and Pancreas Transplantation, Department of
Surgical, Oncological and Gastroenterological Sciences, University of
Padova, Padova, Italy

“Division of Nephrology Dialysis and Transplantation, Renal
Transplantation Center “A. Vercellone,” Citta della Salute e della
Scienza University Hospital, Turin, Italy

5Independent Researcher, Milano, Italy

SUnit of Nephrology, ASST Spedali Civili di Brescia, Brescia, Italy
“Department of Surgery, Fondazione Policlinico Universitario

A. Gemelli IRCCS, Rome, Italy

80rgan Transplantation Unit, Department of Medical and Surgical
Sciences and Advanced Technologies, University Hospital of Catania,
Catania, Italy

?Department of General and Specialized Surgery, Division of General
Surgery, Transplant Surgery Unit, Parma University Hospital, Parma,
Italy

10Renal Transplant Unit, Azienda Ospedaliera Brotzu, Cagliari, Italy
Department of Experimental Diagnostic and Specialty Medicine
(DIMEC), Nephrology, Dialysis and Renal Transplant Unit, IRCCS

S. Orsola Hospital, University of Bologna, Bologna, Italy

12yOC Transplant Unit, Department of Surgery, Tor Vergata
University, Rome, Italy

3General and Transplant Surgery Department, University of L'Aquila,
L'Aquila, Italy

14Nephrology and Kidney Transplantation Unit, Department of
Translational Medicine, University of Piemonte Orientale (UPO),
“Maggiore della Carita” University Hospital, Novara, Italy
15Nephrology, Dialysis and Transplantation Unit, Department of
Emergency and Organ Transplantation, University of Bari, Bari, Italy
1Nephrology, Dialysis, Transplantation Unit, Ca' Foncello Hospital,
Treviso, Italy

17Unit of Nephrology, Dialysis, and Renal Transplantation, Fondazione
IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milano, Italy
18Renal Transplant Unit, Azienda Ospedaliera Ospedale di Circolo e
Fondazione Macchi, Varese, Italy

1“Nephrology Dialysis and Renal Transplant Department, Civico and

Di Cristina Hospital, Palermo, Italy

ACKNOWLEDGMENT
Open access funding provided by BIBLIOSAN.

FUNDING INFORMATION
This work was supported by the Italian Association for Research on
Cancer (AIRC IG No. 19112); Italian Ministry of Health (Ricerca

25UBO 1] SUOLLILIOD A 1ER.10) 3| dde 3 Aq PoUIBAOB 918 SB[D 1L WO ‘38N J0 Sa | O AZIGl1 BUIIUO AB]1AM UO (SUO1HIPUOO-PUE-SWWLBIALIOD" A3 IvAe.c]BU 1 UO//'Sc1U) SUONIPUOD PUe LB 1 81 39S [7202/ZT/9T] Uo ARIqITaUIUO AB1IM *BIE1BURILPOD) AQ 2827 DIZ00T OT/10p/LICO A1 Azeiq1jpujuo//Sdy WoJy papeojumoq ‘G ‘¥Z0Z ‘STZ0L60T



TABORELLI ET AL.

| ]NTFRN\T]O\I AL Suicc
JOURNAL of CANCER =

Corrente to IRCCS INMI L. Spallanzani and Ricerca Corrente to
IRCCS CRO Aviano); CRO Aviano “5x1000 (Redditi 2018)” - Seed
Grant to MT.

CONFLICT OF INTEREST STATEMENT
The authors have no conflicts of interest to declare.

DATA AVAILABILITY STATEMENT
The data that support the findings of our study are available from the

corresponding author upon reasonable request.

AUTHORS OF THE ITALIAN TRANSPLANT & CANCER
COHORT STUDY

Lucia Fratino, Federica Toffolutti (Centro di Riferimento Oncologico di
Aviano IRCCS, Aviano, ltaly); Alessandro Agresta, Enrico Girardi, Ales-
sandra Nappo (INMI “L. Spallanzani” IRCCS, Rome, Italy); Elisa Boccalon,
Caterina di Bella, Erica Nuzzolese, Paolo Rigotti (Padova University Hos-
pital, Padova, Italy); Antonio Lavacca (Turin University Hospital, Turin,
Italy); Valeriana Colombo, Marialuisa Querques (S.C. Nefrologia, Grande
Ospedale Metropolitano Niguarda, Milano, ltaly); Stefano Possenti, Sil-
vio Sandrini (Spedali Civili of Brescia, Brescia, ltaly); Laura Panicali
(Divisione di Nefrologia Dialisi ed Ipertensione, S. Orsola-Malpighi Hos-
pital, Bologna, Italy); Chiara Valentini (Ospedale S. Maria delle Crocdi,
Ravenna, Italy); Elena Cremaschi, Umberto Maggiore, Alessandra Palmi-
sano, Carlo Pellegrino, Carmelo Puliatti (Parma University Hospital,
Parma, ltaly); Giuseppe Grandaliano, Maria Paola Salerno, Elisabetta
Schifano, Patrizia Silvestri, Gionata Spagnoletti (Policlinico “A. Gemelli”,
Rome, Italy); Carlo Maria Alfieri, Giuseppe Castellano, Evaldo Favi, Mar-
iano Ferraresso, Samuele lesari (Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, Milano, Italy); Daniela Corona, Costanza Distefano,
Pierfrancesco Veroux (Policlinico of Catania, Catania, ltaly); Francesca
Blasi, Francesca Romano, Luca Toti (Tor Vergata University, Rome,
Italy); Cristina Cornella, Guido Merlotti, Marco Quaglia (University of
Piemonte Orientale, “Maggiore della Carita” University Hospital,
Novara, ltaly); Maria Cristina Maresca (Treviso Hospital, Treviso, Italy);
Loreto Gesualdo (Renal, Dialysis and Transplant Unit, Department of
Emergency and Organ Transplant, University of Bari, Polyclinic, Bari,
Italy); Elisabetta Carta, Gian Benedetto Piredda (Azienda Ospedaliera
Brotzu, Cagliari, Italy); Marco De Cicco, Giuseppe letto, Domenico
lovino, Francesco Perna (Azienda Ospedaliera Ospedale di Circolo e
Fondazione Macchi, Varese, Italy); Laura Lancione, Alessandra Panarese
(University of L'Aquila, L'Aquila, Italy); Antonio Amato, Barbara Buscemi
(Civico and Di Cristina Hospital, Palermo, Italy).

ETHICS STATEMENT

The study was conducted in accordance with the Declaration of Hel-
sinki, and approved by the Institutional Review Board (or Ethics Com-
mittee) of Centro di Riferimento Oncologico di Aviano (CRO), IRCCS,
Aviano (Prot. IRB-15-2012), Comitato Etico Lazio 1, A.O. San Camillo
Forlanini (Prot. 980/CE Lazio 1), Ethical Committee of Padua Univer-
sity Hospital (Prot. 4231/A0/17). Informed consent was obtained

from all subjects involved in the study at time of transplant.

ORCID

Martina Taborelli
Diego Serraino

Pierluca Piselli

https://orcid.org/0000-0002-6731-7569
https://orcid.org/0000-0003-0565-8920
https://orcid.org/0000-0002-7342-0263

REFERENCES

1.

10.

11.

12.

14.

15.

16.

17.

18.

19.
20.

21

Francis A, Au E, Lim WH, Wong G. Post-transplant cancer: An epide-
miological evaluation. J Onco-Nephrol. 2020;4(3):145-152.

Chapman JR, Webster AC, Wong G. Cancer in the transplant recipi-
ent. Cold Spring Harb Perspect Med. 2013;3(7):a015677.

Pilmore H, Dent H, Chang S, McDonald SP, Chadban SJ. Reduction in
cardiovascular death after kidney transplantation. Transplantation.
2010;89(7):851-857.

Wong G, Chapman JR, Craig JC. Death from cancer: a sobering truth
for patients with kidney transplants. Kidney Int. 2014;85(6):1262-
1264.

Taborelli M, Piselli P, Ettorre GM, et al. Survival after the diagnosis of
de novo malignancy in liver transplant recipients. Int J Cancer. 2019;
144(2):232-239.

Taborelli M, Serraino D, Cimaglia C, et al. The impact of cancer on the
risk of death with a functioning graft of Italian kidney transplant recip-
ients. Am J Transplant. 2022;22:588-598.

Lim WH, Badve SV, Wong G. Long-term allograft and patient out-
comes of kidney transplant recipients with and without incident
cancer - a population cohort study. Oncotarget. 2017;8(44).77771-
77782.

Piselli P, Serraino D, Cimaglia C, et al. Variation in post-transplant can-
cer incidence among Italian kidney transplant recipients over a
25-year period. Cancer. 2023;15(4):1347.

Friman TK, J4dmaa-Holmberg S, Aberg F, et al. Cancer risk and mor-
tality after solid organ transplantation: a population-based 30-year
cohort study in Finland. Int J Cancer. 2022;150(11):1779-1791.

Acuna SA. Etiology of increased cancer incidence after solid organ
transplantation. Transplant Rev. 2018;32(4):218-224.

Engels EA. Cancer in solid organ transplant recipients: there is still
much to learn and do. Am J Transplant. 2017;17(8):1967-1969.

Au E, Wong G, Chapman JR. Cancer in kidney transplant recipients.
Nat Rev Nephrol. 2018;14(8):508-520.

. Acuna SA, Fernandes KA, Daly C, et al. Cancer mortality among recip-

ients of solid-organ transplantation in Ontario, Canada. JAMA Oncol.
2016;2(4):463-469.

Rosales BM, De La Mata N, Vajdic CM, Kelly PJ, Wyburn K,
Webster AC. Cancer mortality in kidney transplant recipients: an
Australian and New Zealand population-based cohort study,
1980-2013. Int J Cancer. 2020;146(10):2703-2711.

Au EH, Chapman JR, Craig JC, et al. Overall and site-specific cancer
mortality in patients on dialysis and after kidney transplant. J Am Soc
Nephrol. 2019;30(3):471-480.

Tessari G, Maggiore U, Zaza G, et al. Mortality from cancer is not
increased in elderly kidney transplant recipients compared to the general
population: a competing risk analysis. J Nephrol. 2020;33(6):1309-1319.
Hosmer D, Lemeshow S, May S. Applied Survival Analysis: Regression
Modeling of Time-to-Event Data. 2nd ed. Hoboken, NJ: John Wiley &
Sons; 2008.

Breslow NE, Day NE. Statistical Methods in Cancer Research Vol. I: The
Analysis of Case-Controls Studies. International Agency for Research
on Cancer: Lyon, France; 1980.

ISTAT. Causes of death. http://dati.istat.it/. Accessed July 3, 2023
Farewell VT. Statistical methods for individual-level data in cohort
mortality studies of rheumatic diseases. Commun Stat - Theory
Methods. 2009;38:3472-3487.

Kiberd BA, Rose C, Gill JS. Cancer mortality in kidney transplantation.
Am J Transplant. 2009;9(8):1868-1875.

25UBO 1] SUOLLILIOD A 1ER.10) 3| dde 3 Aq PoUIBAOB 918 SB[D 1L WO ‘38N J0 Sa | O AZIGl1 BUIIUO AB]1AM UO (SUO1HIPUOO-PUE-SWWLBIALIOD" A3 IvAe.c]BU 1 UO//'Sc1U) SUONIPUOD PUe LB 1 81 39S [7202/ZT/9T] Uo ARIqITaUIUO AB1IM *BIE1BURILPOD) AQ 2827 DIZ00T OT/10p/LICO A1 Azeiq1jpujuo//Sdy WoJy papeojumoq ‘G ‘¥Z0Z ‘STZ0L60T


https://orcid.org/0000-0002-6731-7569
https://orcid.org/0000-0002-6731-7569
https://orcid.org/0000-0003-0565-8920
https://orcid.org/0000-0003-0565-8920
https://orcid.org/0000-0002-7342-0263
https://orcid.org/0000-0002-7342-0263
http://dati.istat.it/

TABORELLI ET AL.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Farrugia D, Mahboob S, Cheshire J, et al. Malignancy-related mortal-
ity following kidney transplantation is common. Kidney Int. 2014;
85(6):1395-1403.

Engels EA, Pfeiffer RM, Fraumeni JF, et al. Spectrum of cancer risk among
US solid organ transplant recipients. JAMA. 2011;306(17):1891-1901.
Young K, Jiang H, Marquez M, et al. Retrospective study of the inci-
dence and outcomes from lung cancer in solid organ transplant recipi-
ents. Lung Cancer. 2020;147:214-220.

Chen LN, Spivack J, Cao T, et al. Characteristics and outcomes of lung
cancer in solid organ transplant recipients. Lung Cancer. 2020;146:
297-302.

Cheung CY, Lam MF, Chu KH, et al. Malignancies after kidney trans-
plantation: Hong Kong renal registry. Am J Transplant. 2012;12(11):
3039-3046.

Webster AC, Wong G, McDonald SP. ANZDATA Registry 32nd Annual
Report. Adelaide: The Australia and New Zealand Dialysis and Trans-
plant Registry; 2009.

Wong G, Au E, Badve SV, Lim WH. Breast cancer and transplantation.
Am J Transplant. 2017;17(9):2243-2253.

Global Burden of Disease 2019 Cancer Collaboration. Cancer inci-
dence, mortality, years of life lost, years lived with disability, and
disability-adjusted life years for 29 cancer groups from 2010 to 2019:
a systematic analysis for the global burden of disease study 2019.
JAMA Oncol. 2022;8(3):420.

Blosser CD, Haber G, Engels EA. Changes in cancer incidence and
outcomes among kidney transplant recipients in the United States
over a thirty-year period. Kidney Int. 2021;99(6):1430-1438.

31

32.

33.

34.

INTERNATIONAL uce 851
JOURNAL of CANCER 7

Benoni H, Eloranta S, Ekbom A, Wilczek H, Smedby KE. Survival
among solid organ transplant recipients diagnosed with cancer com-
pared to nontransplanted cancer patients-a nationwide study. Int J
Cancer. 2020;146(3):682-691.

Turshudzhyan A. Post-renal transplant malignancies: opportunities
for prevention and early screening. Cancer Treat Res Commun. 2021;
26:100283.

Reshef R, Vardhanabhuti S, Luskin M, et al. Reduction of immunosup-
pression as initial therapy for post-transplantation lymphoprolifera-
tive disorder. Am J Transplant. 2011;11(2):336-347.

Dharia A, Boulet J, Sridhar VS, Kitchlu A. Cancer screening in solid
organ transplant recipients: a focus on screening liver, lung, and kid-
ney recipients for cancers related to the transplanted organ. Trans-
plantation. 2022;106(1):e64-e65.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Taborelli M, Serraino D, Cimaglia C,
et al. Cancer mortality after kidney transplantation: A
multicenter cohort study in Italy. Int J Cancer. 2024;154(5):
842-851. doi:10.1002/ijc.34787

25UBO 1] SUOLLILIOD A 1ER.10) 3| dde 3 Aq PoUIBAOB 918 SB[D 1L WO ‘38N J0 Sa | O AZIGl1 BUIIUO AB]1AM UO (SUO1HIPUOO-PUE-SWWLBIALIOD" A3 IvAe.c]BU 1 UO//'Sc1U) SUONIPUOD PUe LB 1 81 39S [7202/ZT/9T] Uo ARIqITaUIUO AB1IM *BIE1BURILPOD) AQ 2827 DIZ00T OT/10p/LICO A1 Azeiq1jpujuo//Sdy WoJy papeojumoq ‘G ‘¥Z0Z ‘STZ0L60T


info:doi/10.1002/ijc.34787

	Cancer mortality after kidney transplantation: A multicenter cohort study in Italy
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study population
	2.2  Data collection and death ascertainment
	2.3  Statistical analyses

	3  RESULTS
	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENT
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	AUTHORS OF THE ITALIAN TRANSPLANT & CANCER COHORT STUDY
	ETHICS STATEMENT
	REFERENCES


