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Simple Summary: Solid-organ transplant recipients are known to be at higher risk of developing
several cancer types, mainly virus-related malignancies. Monitoring trends in the incidence of post-
transplant cancers among individuals who received solid organ transplantation helps to improve
preventive measures and outcomes. This cohort study aimed to examine, over a 25-year period
in Italy, variations in the occurrence of post-transplant cancers among 11,418 recipients of kidney
transplantation (KT). Cancer incidence over three periods (1997–2004; 2005–2012; and 2013–2021)
was analyzed within the cohort and in comparison with the general population. After multivariate
adjustment, both approaches highlighted reduced risks of Kaposi’s sarcoma, whereas no statistically
significant changes over time in the incidence of other cancers were noted. Accordingly, the results of
this study highlighted the need to sustain and strengthen cancer-preventive actions in KT recipients.

Abstract: This cohort study examined 25-year variations in cancer incidence among 11,418 Italian
recipients of kidney transplantation (KT) from 17 Italian centers. Cancer incidence was examined
over three periods (1997–2004; 2005–2012; and 2013–2021) by internal (Incidence rate ratio-IRR) and
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external (standardized incidence ratios-SIR) comparisons. Poisson regression was used to assess
trends. Overall, 1646 post-transplant cancers were diagnosed, with incidence rates/1000 person-years
ranging from 15.5 in 1997–2004 to 21.0 in 2013–2021. Adjusted IRRs showed a significant reduction
in incidence rates across periods for all cancers combined after exclusion of nonmelanoma skin
cancers (IRR = 0.90, 95% confidence interval-CI: 0.76–1.07 in 2005–2012; IRR = 0.72, 95% CI: 0.60–0.87
in 2013–2021 vs. 1997–2004; Ptrend < 0.01). In site-specific analyses, however, significant changes
in incidence rates were observed only for Kaposi’s sarcoma (KS; IRR = 0.37, 95% CI: 0.24–0.57 in
2005–2012; IRR = 0.09, 95% CI: 0.04–0.18 in 2013–2021; Ptrend < 0.01). As compared to the general
population, the overall post-transplant cancer risk in KT recipients was elevated, with a decreasing
magnitude over time (SIR = 2.54, 95% CI: 2.26–2.85 in 1997–2004; SIR = 1.99, 95% CI: 1.83–2.16 in
2013–2021; Ptrend < 0.01). A decline in SIRs was observed specifically for non-Hodgkin lymphoma
and KS, though only the KS trend retained statistical significance after adjustment. In conclusion,
apart from KS, no changes in the incidence of other cancers over time were observed among Italian
KT recipients.

Keywords: kidney transplant; immunosuppression; virus-related malignancy; trend; Italy;
cohort study

1. Introduction

The risk of developing cancer is two to five times higher in individuals who received
solid organ transplantation (SOT) than in the corresponding general population [1–5].
Furthermore, several studies have indicated that de novo cancers among SOT recipients
tend to be clinically more aggressive and to have a poorer prognosis [6–8].

Immunosuppressive drugs have long been recognized as a major contributing factor
driving the increased risk of post-transplant cancers [9,10]. Indeed, immunosuppression
impairs the ability of the host immune system to control oncogenic viruses, leading to an
increased risk of developing virus-related tumors including Kaposi’s sarcoma (KS) and
non-Hodgkin lymphomas (NHL) [11]. In addition, the risk of some other cancers not
associated with viral infections (e.g., melanoma, lung, and head and neck cancers) has been
reported to be increased after SOT, likely attributable—in addition to the iatrogenic immune
suppression—to behavioral risk factors (e.g., heavy alcohol consumption, smoking) and/or
factors related to the underlying disease [12,13].

In view of the growing transplant activity, monitoring trends in cancer incidence
among SOT recipients offers the opportunity to update cancer-preventive measures and,
thus, to optimize long-term patient outcomes. Variations over time in cancer incidence may
reflect factors directly related to transplantation itself (e.g., changes in immunosuppressive
treatments or other drug effects), as well as mirror trends in the general population.

Although several large time-trend investigations have been performed in the United
States [14] and Northern Europe [1,15], scanty evidence has been published in southern
European countries, including Italy. The aim of this study was to examine variations in the
incidence of cancers among Italian recipients of kidney transplantation (KT) over a 25-year
period.

2. Materials and Methods

A cohort study has been conducted among individuals undergoing KT between
1997 and 2021 in 17 centers throughout Italy. The recruitment started in 1997 and it is
permanently open (this is a dynamic cohort), i.e., KT recipients can enter the cohort (when
they meet eligibility criteria) at different times during the study period.

From 13,245 potentially eligible KT recipients, we excluded those who met any of the
following exclusion criteria: a history of a transplant received before 1997 (n = 1172); age at
transplantation <18 years (n = 62); a follow-up < 30 days after KT (n = 489); or a diagnosis
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of cancer made during the 5 years preceding KT or within 30 days after KT (n = 104). Thus,
the final population in study consisted of 11,418 subjects (Figure 1).
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Figure 1. Flow chart of kidney transplant (KT) recipients selection.

At each participating center, trained personnel collected appropriate information from
clinical records and checked the quality of data for completeness and accuracy. Collected
data included demographic and transplant characteristics of KT recipients, plus follow-up
data. Cancer and vital status information was actively elicited from medical records till
31 December 2021. Since an active follow-up on return to dialysis, vital status, and cancer
occurrence is planned on a yearly basis, there were some centers that had not yet updated
the requested information as of December 2021; thus, for 3055 KT recipients (26.8%), the
last information was collected in December 2020.

All tumor diagnoses (coded according to the International Classification of Diseases
and Related Health Problems, 10th revision—ICD-10 [16]) were histologically confirmed.
Multiple primary tumors were considered in site-specific analyses.

The ICD-10 codes used to define each cancer site or group are shown in Supplementary
Table S1.

Statistical Analysis

Person-years (PYs) at risk were accumulated from 30 days after KT, in 3 calendar
periods: 1997 to 2004 (a); 2005 to 2012 (b); and 2013 to 2021 (c); roughly corresponding
to: prevalent cyclosporine use (a); progressive switch to tacrolimus (b); and larger use of
combinations with mTOR-inhibitors (c). In each period, PYs accruement was terminated
at the date of cancer diagnosis, date of death, date of return to dialysis, date of loss to
follow-up, or December 31 of the last year of the period, whichever occurred first. Overall,
individuals were not censored at their first cancer diagnosis as they were still at risk of
other types of cancers included. When considering site-specific analyses, after a cancer
diagnosis patients did not further contribute follow-up time to the determination of PYs
at risk for that specific tumor, but they continued to add follow-up time for other tumor
sites/types.

To assess changes in cancer incidence rates (IRs) across periods, incidence rate ratios
(IRRs) and corresponding 95% confidence intervals (CIs) were estimated using Poisson
regression models adjusted for sex, age, residence area, and length of follow-up. For each
model, P values for linear trends across periods were computed [14].
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To compare cancer risk in KT recipients with that in the general population for each of
the periods, standardized incidence ratios (SIRs) were calculated as the ratio of observed to
expected numbers of cancer cases [17]. The expected numbers of cases were calculated by
multiplying the PYs at risk among KT recipients by the corresponding population cancer
IRs (as described elsewhere in more detail using data from Italian Cancer Registries) [5].
SIRs were standardized by sex, age (5-year groups), residence area, and calendar period.
The 95% CIs for SIRs were calculated assuming a Poisson distribution [18]. We used Poisson
regression to evaluate trends in SIRs, with the same adjustments used for the incidence
models described above. All analyses were performed separately for all cancers combined
and for each of the major cancer types. All tests were two-sided, with p < 0.05 considered
statistically significant. All analyses were performed using SAS software (SAS Institute,
Cary, NC, USA, v9.4).

3. Results

The 11,418 KT recipients (median age at KT 50 years; interquartile range, IQR: 39–58 years;
63.8% male) were followed for a total of 85,209 PYs of observation with a median follow-up
time of 7.1 years (IQR: 3.9–10.6 years) (Table 1). Most KT recipients resided in northern
Italy (56.7%), and the transplanted kidney was usually from a deceased donor (90.6%).
Glomerulonephritis was the most common cause of kidney failure (36.9%), followed by
polycystic kidney disease (17.0%) and pyelonephritis/interstitial nephritis (9.8%) (Table 1).

Table 1. Characteristics of 11,418 patients who underwent kidney transplantation.

All Patients

N %

Sex
Male 7286 63.8

Female 4132 36.2
Age at transplant (years)

18–39 2907 25.5
40–49 2682 23.5
50–59 3439 30.1
≥60 2390 20.9

Median (IQR) 50 (39–58)
Calendar year at transplant

1997–2004 5737 50.3
2005–2012 3893 34.1
2013–2021 1788 15.7

Area of residence
Northern Italy 6471 56.7
Central Italy 1405 12.3

Southern Italy 3489 30.5
Abroad 53 0.5

Status of the donor
Alive 1079 9.4

Deceased 10,339 90.6
Primary cause of kidney failure

Glomerulonephritis 4212 36.9
Polycystic kidney disease 1936 17.0

Pyelonephritis/Interstitial nephritis 1116 9.8
Hypertensive nephropathy/vascular disease 691 6.0

Diabetes 604 5.3
Congenital 394 3.4
Uncertain 1781 15.6

Other 684 6.0
Follow-up (years)

Median (IQR) 7.1 (3.9–10.6)
Total person-years 85,208.7

Abbreviations: IQR, interquartile range.
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3.1. Internal Comparison

Table 2 presents IRs (per 1000 PYs) and unadjusted/adjusted IRRs for major cancer
sites according to calendar periods of cancer diagnosis.

A total of 1646 post-transplant cancers were diagnosed, with IRs ranging from 15.5 per
1000 PYs in 1997–2004 to 21.0 per 1000 PYs in 2013–2021 (Table 2). The most common cancer
type was nonmelanoma skin cancers (NMSC) (IR range 5.1-to-9.9 per 1000 PYs), followed
by kidney cancer (IR range 0.9-to-1.6 per 1000 PYs), KS (IR range 0.4-to-2.5 per 1000 PYs),
prostate cancer (IR range 0.7-to-1.4 per 1000 PYs), and lung cancer (IR range 0.7-to-1.5 per
1000 PYs). IRs ranged from 1.3 to 1.8 for all post-transplant lymphoproliferative diseases
(PTLD) combined, with NHLs being the most common hematological malignancies (IR
range 1.0-to-1.4 per 1000 PYs).

The unadjusted IRRs for all cancers combined (Table 2) showed a statistically sig-
nificant increase in incidence rates over time as compared to the first study period, i.e.,
1997–2004 (IRR = 1.29, 95% CI: 1.13–1.48 for 2005–2012; and IRR = 1.36, 95% CI: 1.18–1.57
for 2013–2021; Ptrend < 0.01). When the analysis was restricted to the most common cancer
types, an increased risk over time was noted for NMSC and for all solid tumors combined
(including kidney and lung cancers), whereas a reduced incidence was noted for KS only.

Apart from KS, adjustment for sex, age, residence area, and length of follow-up elicited
differing results. As compared to 1997–2004, IRRs for NMSC were significantly higher
in both 2005–2012 (IRR = 1.36) and in 2013–2021 (IRR = 1.30), though the test for trend
did not reach statistical significance. A significant reduction in incidence was noted for
all cancers combined after excluding NMSC (IRR = 0.90 for 2005–2012 and IRR = 0.72 for
2013–2021; Ptrend < 0.01). IRRs for KS maintained a significant downward trend over time
(IRR = 0.37, 95% CI: 0.24–0.57 for 2005–2012 and IRR = 0.09, 95% CI: 0.04–0.18 for 2013–2021;
Ptrend < 0.01) (Table 2).

3.2. External Comparison

SIRs of cancer risk in KT recipients as compared to the corresponding general popula-
tion for the whole study period are illustrated in Figure 2.

For all cancers combined, a 2.3-fold higher risk (95% CI: 2.14–2.36) was documented.
SIRs were particularly elevated for KS (SIR = 75.76, 95% CI: 61.58–92.24), NHL (SIR = 4.37,
95% CI: 3.54–5.34), NMSC (SIR = 7.16, 95% CI: 6.64–7.70), skin melanoma (SIR = 1.71, 95%
CI: 1.15–2.44), kidney cancer (SIR = 5.35, 95% CI: 4.38–6.46), lung cancer (SIR = 1.31, 95%
CI: 1.06–1.58), testis (SIR = 2.59, 95% CI: 1.12–5.10), and head and neck cancers (SIR = 1.47,
95% CI: 1.06–1.98), including lip (SIR = 21.42, 95% CI: 12.90–33.45) and salivary glands
(SIR = 5.46, 95% CI: 1.49–13.99). Conversely, a significantly reduced risk was noted for
cancers of the colon-rectum-anus (SIR = 0.76, 95% CI: 0.58–0.99) and liver (SIR = 0.31, 95%
CI: 0.13–0.65).

In the analyses by period of cancer diagnosis, SIRs for all cancers combined were
persistently elevated with decreasing magnitude over time, from 2.54 (95% CI: 2.26–2.85) in
1997–2004 to 1.99 (95% CI: 1.83–2.16) in 2013–2021 (Ptrend < 0.01) (Table 3).

This trend was attenuated, but still statistically significant, after excluding NMSC
(SIR = 1.96, 95% CI: 1.70–2.26 in 1997–2004 and SIR = 1.23, 95% CI: 1.10–1.38 in 2013–2021).
Significant SIR declines emerged for KS (SIR = 189.16, 95% CI: 138.49–252.32 in 1997–2004
and SIR = 20.19, 95% CI: 9.68–37.14 in 2013–2021) and PTLD (SIR = 4.34, 95% CI: 3.01–6.07
in 1997–2004 and SIR = 2.37, 95% CI: 1.72–3.20 in 2013–2021), including NHL (SIR = 6.77,
95% CI: 4.42–9.92 in 1997–2004 and SIR = 3.74, 95% CI: 2.54–5.31 in 2013–2021). However,
only the KS trend retained statistical significance after adjustment for sex, age, residence
area, and length of follow-up (Ptrend < 0.01).
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Table 2. Incidence rates (IR) per 1000 person-years and incidence rate ratios (IRR) for major cancer sites, by calendar period of cancer diagnosis.

1997–2004 2005–2012 2013–2021 2005–2012 2013–2021 2005–2012 2013–2021

Cancer Site No. IR (SE) No. IR (SE) No. IR (SE) Unadjusted IRR (95% CI) a Ptrend Adjusted IRR (95% CI) a,b Ptrend

All 289 15.5 (0.9) 771 19.9 (0.7) 586 21.0 (0.9) 1.29 (1.13–1.48) 1.36 (1.18–1.57) <0.01 1.05 (0.92-1.21) 0.92 (0.80-1.06) 0.11
All but NMSC 194 10.4 (0.7) 427 11.0 (0.5) 310 11.1 (0.6) 1.06 (0.90–1.26) 1.07 (0.90–1.28) 0.48 0.90 (0.76–1.07) 0.72 (0.60–0.87) <0.01

NMSC 95 5.1 (0.5) 344 8.9 (0.5) 276 9.9 (0.6) 1.75 (1.40–2.20) 1.95 (1.54–2.46) <0.01 1.36 (1.08–1.71) 1.30 (1.02–1.65) 0.11
Solid tumors 114 6.1 (0.6) 332 8.6 (0.5) 257 9.2 (0.6) 1.41 (1.14–1.74) 1.51 (1.21–1.88) <0.01 1.17 (0.95–1.46) 1.00 (0.80–1.26) 0.62

Kidney 17 0.9 (0.2) 46 1.2 (0.2) 44 1.6 (0.2) 1.31 (0.75–2.28) 1.74 (0.99–3.04) 0.04 1.30 (0.74–2.29) 1.50 (0.84–2.67) 0.17
Prostate 13 0.7 (0.2) 53 1.4 (0.2) 33 1.2 (0.2) 1.98 (1.08–3.63) 1.71 (0.90–3.26) 0.19 1.45 (0.78–2.67) 0.97 (0.50–1.86) 0.49

Bronchus and lung 14 0.7 (0.2) 44 1.1 (0.2) 41 1.5 (0.2) 1.52 (0.83–2.78) 1.97 (1.07–3.61) 0.03 1.14 (0.62–2.09) 1.01 (0.55–1.89) 0.88
Breast 9 0.5 (0.2) 33 0.9 (0.1) 18 0.6 (0.2) 1.78 (0.85–3.71) 1.34 (0.60–2.99) 0.65 1.62 (0.76–3.42) 1.06 (0.46–2.41) 0.81

Colon-rectum-anus 7 0.4 (0.1) 29 0.8 (0.1) 23 0.8 (0.2) 2.00 (0.88–4.57) 2.21 (0.95–5.15) 0.09 1.54 (0.67–3.54) 1.39 (0.59–3.29) 0.63
Bladder 12 0.6 (0.2) 30 0.8 (0.1) 15 0.5 (0.1) 1.21 (0.62–2.36) 0.84 (0.39–1.80) 0.58 0.97 (0.49–1.92) 0.63 (0.29–1.37) 0.20

Head and neck 6 0.3 (0.1) 19 0.5 (0.1) 17 0.6 (0.1) 1.53 (0.61–3.83) 1.91 (0.75–4.84) 0.17 1.29 (0.51–3.26) 1.32 (0.51–3.43) 0.62
Skin melanoma 7 0.4 (0.1) 13 0.3 (0.1) 10 0.4 (0.1) 0.90 (0.36–2.25) 0.96 (0.37–2.52) 0.96 0.92 (0.36–2.34) 0.99 (0.36–2.70) 0.99

Stomach 5 0.3 (0.1) 14 0.4 (0.1) 8 0.3 (0.1) 1.35 (0.49–3.76) 1.07 (0.35–3.28) 0.98 1.01 (0.36–2.84) 0.49 (0.16–1.52) 0.13
PTLD 34 1.8 (0.3) 52 1.3 (0.2) 43 1.5 (0.2) 0.74 (0.48–1.14) 0.85 (0.54–1.33) 0.56 0.69 (0.44–1.07) 0.71 (0.44–1.13) 0.19
NHL 26 1.4 (0.3) 39 1.0 (0.2) 31 1.1 (0.2) 0.73 (0.44–1.19) 0.80 (0.48–1.35) 0.47 0.69 (0.41–1.14) 0.68 (0.39–1.17) 0.19

Kaposi’s sarcoma 46 2.5 (0.4) 43 1.1 (0.2) 10 0.4 (0.1) 0.45 (0.30–0.69) 0.15 (0.07–0.29) <0.01 0.37 (0.24–0.57) 0.09 (0.04–0.18) <0.01
a Reference group is the period 1997–2004; b Adjusted for sex, age, area of residence, and length of follow-up; Abbreviations: CI, confidence intervals; NHL, non-Hodgkin lymphoma;
NMSC, nonmelanoma skin cancer; PTLD, post-transplant lymphoproliferative diseases; SE, standard error. Bold text indicates statistically significant (p < 0.05) results.



Cancers 2023, 15, 1347 7 of 13

Cancers 2023, 15, 1347 7 of 14 
 

 

3.2. External Comparison 

SIRs of cancer risk in KT recipients as compared to the corresponding general popu-

lation for the whole study period are illustrated in Figure 2.  

 

HR (IC95%) 

0,01 0,1 1 10

SIR (95% CI)

0.1 1 10 100

No. of cancer cases

obs/exp SIR (95% CI)

1646/731.7 2.25 (2.14‒2.36)

931/631.8 1.47 (1.38‒1.57)

715/99.9 7.16 (6.64‒7.70)

703/576.9 1.22 (1.13‒1.31)

107/20.0 5.35 (4.38‒6.46)

99/88.6 1.12 (0.91‒1.36)

99/75.7 1.31 (1.06‒1.58)

60/67.1 0.89 (0.68‒1.15)

59/77.1 0.76 (0.58‒0.99)

57/49.4 1.15 (0.87‒1.49)

42/28.6 1.47 (1.06‒1.98)

19/0.9 21.42 (12.90‒33.45)

4/0.7 5.46 (1.49‒13.99)

30/17.5 1.71 (1.15‒2.44)

27/22.3 1.21 (0.80‒1.76)

19/16.7 1.14 (0.69‒1.78)

13/11.2 1.17 (0.62‒1.99)

13/16.6 0.78 (0.42‒1.34)

8/3.1 2.59 (1.12‒5.10)

7/22.4 0.31 (0.13‒0.65)

6/3.3 1.84 (0.67‒4.00)

5/3.2 1.57 (0.51‒3.67)

4/4.8 0.84 (0.23‒2.15)

4/6.6 0.61 (0.17‒1.56)

4/9.6 0.42 (0.11‒1.07)

11/6.4 1.71 (0.86‒3.07)

129/46.7 2.76 (2.31‒3.28)

96/22.0 4.37 (3.54‒5.34)

18/12.8 1.41 (0.84‒2.23)

11/7.9 1.39 (0.69‒2.48)

4/3.0 1.32 (0.36‒3.38)

99/1.3 75.76 (61.58‒92.24)

Cancer site

All

All but NM SC

NM SC

Solid tumors

Kidney

Prostate

Bronchus and lung

Breast

Colon-rectum -anus

Bladder

Head and neck

Lip

Salivary glands

Skin m elanom a

Stom ach

Thyroid gland

Corpus uteri

Pancreas

Testis

Liver

Mesotheliom a

Other connective and soft tissue

Esophagus

Ovary

Brain

Unspecified s ites

PT LD

NHL

Leukaem ia

Multiple m yelom a

Hodgkin’s lym phom a

Kaposi’s sarcoma

Figure 2. Standardized incidence ratios (SIR) and 95% confidence intervals (CI) for major cancer
sites. Sites/types with <4 observed cases are not shown in figure. Abbreviations: NHL, non-Hodgkin
lymphoma; NMSC, nonmelanoma skin cancer; obs/exp, observed/expected; PTLD, post-transplant
lymphoproliferative diseases. Bold text indicates results that are statistically significant (p < 0.05).

Table 3. Standardized incidence ratios (SIR) and 95% confidence intervals (CI) for major cancer sites
by calendar period of cancer diagnosis.

1997–2004 2005–2012 2013–2021 Ptrend

Cancer Site SIR (95% CI) SIR (95% CI) SIR (95% CI) Unadjusted Adjusted a

All 2.54 (2.26–2.85) 2.38 (2.21–2.55) 1.99 (1.83–2.16) <0.01 <0.01
All but NMSC 1.96 (1.70–2.26) 1.52 (1.38–1.67) 1.23 (1.10–1.38) <0.01 <0.01

NMSC 6.40 (5.18–7.83) 8.05 (7.23–8.95) 6.52 (5.77–7.33) 0.40 0.42
Solid tumors 1.27 (1.04–1.52) 1.29 (1.16–1.44) 1.12 (0.99–1.26) 0.14 0.17

Kidney 5.33 (3.10–8.53) 5.17 (3.78–6.89) 5.56 (4.04–7.46) 0.81 0.38
Prostate 1.28 (0.68–2.19) 1.34 (1.00–1.75) 0.85 (0.59–1.20) 0.07 0.09

Bronchus and lung 1.16 (0.64–1.95) 1.33 (0.96–1.78) 1.35 (0.97–1.83) 0.68 0.86
Breast 0.73 (0.33–1.38) 1.08 (0.74–1.52) 0.74 (0.44–1.17) 0.78 0.71

Colon-rectum-anus 0.61 (0.24–1.25) 0.85 (0.57–1.22) 0.73 (0.47–1.10) 0.87 0.83
Bladder 1.66 (0.86–2.90) 1.38 (0.93–1.97) 0.73 (0.41–1.21) 0.02 0.12

Head and neck 1.08 (0.40–2.36) 1.49 (0.90–2.33) 1.64 (0.96–2.63) 0.40 0.45
Skin melanoma 2.42 (0.97–5.00) 1.66 (0.89–2.84) 1.47 (0.70–2.70) 0.34 0.58

Stomach 1.34 (0.44–3.13) 1.44 (0.79–2.42) 0.90 (0.39–1.77) 0.38 0.15
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Table 3. Cont.

1997–2004 2005–2012 2013–2021 Ptrend

Cancer Site SIR (95% CI) SIR (95% CI) SIR (95% CI) Unadjusted Adjusted a

PTLD 4.34 (3.01–6.07) 2.51 (1.87–3.29) 2.37 (1.72–3.20) 0.02 0.11
NHL 6.77 (4.42–9.92) 3.96 (2.82–5.42) 3.74 (2.54–5.31) 0.04 0.17

Kaposi’s sarcoma 189.16 (138.49–252.32) 75.66 (54.76–101.92) 20.19 (9.68–37.14) <0.01 <0.01
a Adjusted for sex, age, area of residence, and length of follow-up. Abbreviations: NHL, non-Hodgkin lymphoma;
NMSC, nonmelanoma skin cancer; PTLD, post-transplant lymphoproliferative diseases. Bold text indicates
statistically significant (p < 0.05) results.

4. Discussion

In this cohort study, we provided estimates of cancer incidence over a period of
25 years among Italian KT recipients. Although our analysis by periods showed—through
an internal and external comparison—a decreasing trend in the incidence of all cancers
combined among KT recipients, we found no significant changes in the incidence over time
for the major cancer types, with the exception of Kaposi’s sarcoma.

The present study allowed us to update our previous estimates of cancer risk among
Italian KT recipients [5], focusing on the analysis of time trends. Approximately 13% of
KT recipients included in the analysis developed cancer during the considered follow-up
period, equivalent to a 2.3-fold higher risk of developing cancer than the corresponding
general population. We found very high excess risks for KS, NHL, lip cancer, and salivary
gland cancer—in line with our previous studies [5] and investigations conducted in other
high-income countries [1–3,12,13]—supporting an important role of viral infections in
augmenting such risk in a context of drug-induced immunodeficiency [9]. Furthermore,
the spectrum of virus-unrelated cancers for which we observed excess risks, such as
skin melanoma and cancers of the lung and kidney, confirmed previous evidence of an
increased risk presumably associated with unhealthy lifestyle behaviors (e.g., heavy alcohol
consumption, tobacco smoking, or excessive sun exposure) and with factors related to
the underlying cause of end-stage renal disease [12,13]. Noteworthy among malignancies
frequently found in the general population, colorectal (SIR = 0.76) and liver (SIR = 0.31)
cancers were not increased in KT recipients, but we noted a significantly reduced risk
compared to the general population; a similar consideration could also be made for breast
cancers, which showed a tendency to a decreased risk (SIR = 0.89), although not significant.
Among the reasons for the lack of excess of these cancers in KT recipients, pre-transplant
screening is likely to have played a prominent role.

We found a significant reduction over time in the incidence rates of all cancers com-
bined excluding NMSC. Nevertheless, there was an increased incidence of NMSC, lung
cancer, and kidney cancer in the unadjusted analysis. These trends disappeared after multi-
variate adjustment, and we did not also notice a trend in risks compared with the general
population. Renal cell carcinoma (RCC) of native kidneys is a frequent malignancy among
KT recipients [19]. The increased incidence over time of kidney cancer could partially
reflect the changing prevalence of the risk factors affecting RCC (e.g., older age at KT,
smoking, or excess body weight) [20]. Similarly, increasing age and changes in smoking
habits contributed to the rising trend in lung cancer incidence. Although data on smoking
were not available for this analysis, our findings highlighted that more emphasis should be
placed in screening for smoking in the pre-transplant evaluation and during the follow-up
visits after KT. A potential reason for the augmented rates of NMSC could be ascribed to
the increased dermatological surveillance in more recent years among KT recipients [21,22].
However, our findings are in contrast with the reduced risk of cutaneous carcinomas (either
squamous- or basal-cell carcinomas) in SOT recipients observed in recent decades by other
studies conducted in the SOT setting [23,24].

We found a strong decline in KS incidence rates, clear also in the adjusted analysis.
It is important to note that there might be some differences in the impact of oncogenic
viruses on cancer development in patients of different countries. In this regard, the very
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high SIR for KS documented in the past decades was attributable to the high prevalence
of infection with KS-associated herpes virus (KSHV) in various Mediterranean countries,
including Italy [5,25,26]. Two nationwide investigations conducted in northern Europe
(namely Norway and Sweden), where the prevalence of KSHV is extremely low, had too
few cases to evaluate any longitudinal trends over time in KS incidence in the transplant
population [23,27]. The decrease in KS risk that we observed over calendar time could
reflect improvements in the management of KT recipients, presumably in the dosing and
choice of immunosuppressive drugs, and possibly a role of pre-transplant screening [28,29].
Apart from KS, no significant changes over time in the incidence of other cancers emerged.

Long-term follow-up confirms that de novo cancers always occur, at any time, in a
larger amount when compared to the general population, but their nature and distribution
still seem uneven in different reports, depending on many different local factors [30].
There is a paucity of parallel findings showing changes in cancer risk over time in other
investigations. A population-based study conducted in Ireland observed a decreasing trend
in SIRs for overall cancer (excluding NMSC) after SOT between 1994 and 2014, although
the test for trend was not statistically significant [31]. Furthermore, a recent study from the
Finnish registry reported a clear decrease in cancer risk (SIR = 4.3 and 3.0 in 1987–1999 and
2000–2016, respectively) of 6548 SOT recipients [1]. However, the study design differed
significantly from ours.

Although noteworthy differences in study design should be considered, our findings
of no change in cancer incidence for all major cancer types are in line with those reported
in a recent US investigation [14], and they highlight the need for improved interventions to
limit the cancer burden in KT recipients which balance the need for cancer control with the
maintenance of kidney graft function. Careful management of immunosuppression in the
post-transplant setting remains crucial [32], and several drugs used as immunosuppres-
sants may have direct effects on cancer development and progression [33]. For instance,
a direct carcinogenic potential was documented for calcineurin inhibitors that are able to
favor cancer cell invasiveness, dysregulating DNA repair mechanisms and the regulation
of apoptosis, increasing the production of proangiogenic growth factor, and promoting
transforming growth factor-beta functional expression [34]. In contrast, mammalian target
of rapamycin inhibitors are able to interfere with cancer cell proliferation and new angio-
genesis process, and their use has been associated with a lower incidence of malignancies
such as KS or mantle cell lymphoma [35]. Nevertheless, in a context where KT recipients are
generally treated with multidrug maintenance therapy, it is difficult to enucleate the single
effect of a particular drug from the effect of the overall immunosuppressive regimen and
to assess cancer risks in relation to different immunosuppressive treatments. In our study,
the immunosuppression regimes varied across the participating centers, and any change
in the policy of standard immunosuppressive protocols to be used (e.g., the introduction
of new drugs, switching to an alternative drug regimen) could have occurred at different
times in the centers considered, and often, the therapeutic approach in specific subgroups
of patients may have changed over time. Therefore, we could not stratify the analysis
using clear fixed-year milestones to investigate the role of immunosuppression on cancer
incidence trends over time.

Although the increased risk of cancer after KT has been well described and character-
ized by observational and registry data, few investigations have explored recent trends in
cancer incidence among individuals who received SOT. To the best of our knowledge, our
study is the largest cohort to provide estimates of recent variations in the occurrence of post-
transplant cancers among KT recipients in a southern European population. The strengths
of our study are the large sample size that allowed for analyses by cancer type/site, the
availability of data over 25 years, and the multicenter nature of the cohort.

4.1. Limitations

We could not explore which individual factors may have contributed to the observed
temporal trends, since information about patients’ comorbidities—which are highly preva-
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lent in this population—as well as data about cancer screening and some lifestyle habits
(e.g., smoking, alcohol abuse), are not regularly collected in Italian KT centers with the
same details and completeness and were not included in the shared form used in this
multicenter study to ensure uniform data collection. Moreover, when these individual data
are eventually available, their use is restricted by data protection regulations. The lack
of such information, as well as of several clinical data, represents a substantial drawback.
Furthermore, since all cancer diagnoses were registered on the basis of medical records,
a partial lack of completeness of cancer case ascertainment could be possible. However,
rigorous clinical follow-up of these patients (at least one visit per year) is likely to minimize
the risk of cancer underreporting, ensuring that it is definitely not higher than in the general
population.

Due to the dynamic nature of the cohort, the number of members could vary over
time and the duration of follow-up varied between individuals, which may have led to
survival bias. However, all models were adjusted for the length of follow-up in order to
overcome, at least in part, this limitation.

Finally, despite the large sample size of patients and long follow-up, for specific
cancers, the small numbers were a drawback for period analysis.

4.2. Future Directions

The findings of this study highlight the need for further research to identify valuable
clues about the role of the immune system in cancer etiology while helping clinicians
and public health advisers to develop early detection and screening approaches for these
patients. Moreover, further investigations are warranted to evaluate site-specific cancer
mortality in transplant recipients with long-term follow-up, and, whether progress in cancer
mortality in the general population is mirrored in the transplant recipients population.

5. Conclusions

Our findings revealed a significant reduction in the risk of KS over time among Italian
KT recipients. Apart from KS, there were no changes over time in the incidence of other
cancers. It remains unclear to what extent immunosuppression has influenced cancer
incidence trends.

As the transplant population swells, high cancer risk among recipients represents
an increasing public health concern. The knowledge of modifiable risk factors and the
availability of individualized screening may improve prevention and, therefore, the clinical
outcome of KT recipients [36]. Close advice in cancer screening and prevention has long
been suggested, but recently more tailored and intensified prognostic and predictive analy-
ses have been suggested to better guide treatment modulation in high-risk patients [37,38].
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