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1 | INTRODUCTION

Kidney transplantation (KT) is the treatment of choice for most pa-
tients with end-stage renal disease since it is associated with overall
improved quality of life and patient survival.! Despite the indis-
putable survival benefits of KT, death with a functioning graft has
been reported to occur in up to 40% of patientsz*3 possibly due to
posttransplant complications that negatively affect long-term graft
and patient outcomes.

Cancer represents a major obstacle to long-term survival after
KT. The prognostic impact of cancer has been investigated, in KT re-
cipients, to a lesser extent than their risk of cancer, which is increased
up to fourfold for all cancers and up to 100-fold for virus-associated
malignancies such as non-Hodgkin's lymphoma (NHL) or Kaposi's
sarcoma.*”” Some studies on cancer outcomes in KT recipients high-
lighted a consistently worse prognosis than that observed among
non-transplant patients with the same cancer.8'2 Nevertheless, the
outcomes of posttransplant cancers in KT recipients may differ from
those occurring in the general population due to the high burden of
comorbid medical conditions, as well as to factors exclusively related
to organ transplantation, including immunosuppression and other
drug side effects.!®

It has been shown that KT recipients—even in the absence
of cancer—had a greater risk of death than the general popula-
tion.>1 They thus represent an exceptional comparison group to as-
sess the impact of cancer on survival in KT recipients who developed
a malignancy. However, only few studies have carried out internal
comparisons, that is, comparing the survival of KT recipients who
developed cancer with that of corresponding KT recipients without
cancer.*> Y Furthermore, none of these investigations have quanti-
fied the gap in the risks of death with a functioning graft for a broad
range of cancer types.

defined as subjects diagnosed with any cancer after KT. For each case, two controls
matched by gender, age, and year at KT were randomly selected from cohort mem-
bers who were cancer-free at the time of diagnosis of the index case. Overall, 292
(20.5%) deaths with a functioning graft were recorded among 1425 cases and 238
(8.4%) among 2850 controls. KT recipients with cancer had a greater risk of death with
a functioning graft (hazard ratio, HR = 3.31) than their respective controls. This pat-
tern was consistent over a broad range of cancer types, including non-Hodgkin lym-
phoma (HR = 33.09), lung (HR = 20.51), breast (HR = 8.80), colon-rectum (HR = 3.51),
and kidney (HR = 2.38). The survival gap was observed throughout the entire follow-
up period, though the effect was more marked within 1 year from cancer diagnosis.
These results call for close posttransplant surveillance to detect cancers at earlier

stages when treatments are more effective in improving survival.
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The present investigation was intended to quantify the prognos-
tic role of a wide range of cancers on the risk of death with a func-
tioning graft in a retrospective cohort of Italian KT recipients. To this
end, we compared survival in KT recipients who developed cancer
with that of matched KT recipients who did not.

2 | METHODS

2.1 | Study design and population

A matched cohort study was conducted using data from a retrospec-
tive cohort of 13245 individuals who underwent KT in 17 centers lo-
cated all over Italy, between 1997 and 2017. For the purpose of this
study, patients with (i) age at KT below 18 years (n = 60), (ii) a history
of previous transplant (n = 1172), (iii) a cancer diagnosis within the
5 years preceding transplant or within 30 days after KT (n = 103),
or (iv) a follow-up shorter than 30 days after KT (n = 492) were ex-
cluded from the analyses. Thus, the cohort of individuals eligible for
the selection of cases and controls consisted of 11 418 KT recipients
(86% of all KT recipients).

At each of the participating centers, trained staff gathered ap-
propriate information from medical records, and checked data for
accuracy and completeness. Information on patients’ characteristics
(e.g., gender, age at transplant, area of residence) and transplant de-
tails (e.g., transplant center, date of KT, underlying disease, donor
status, use of immunosuppressive therapy) were retrieved by means
of standard data collection forms. Follow-up data, including vital
status, were actively sought. Information on cancer and vital status
was actively elicited either from clinical records or cancer registries
(when available) up to December 31, 2020. The whole process has
been previously described in detail elsewhere.”
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2.2 | Case ascertainment and control selection
Cases were defined as persons who had been diagnosed with de
novo malignancies after KT. Cancer diagnoses were ascertained
at scheduled clinical follow-up and -in areas covered by cancer
registries- with a de-identifying record linkage procedure with
population-based cancer registries. All cancer diagnoses were his-
tologically confirmed and coded according to the International
Classification of Diseases and Related Health Problems, 10t revision
(ICD-10). Multiple primary tumors were included in the site-specific
survival analyses, while for KT recipients diagnosed with more than
one cancer within the same ICD-10 group (e.g., head and neck: CO0-
14, C30-32; solid tumors: CO0-C80 [excl. C44-C46]; all: C00-97,
D09.0, D30.3, D41.4), only the first one was considered. For each
cancer case, two control subjects were randomly selected by using
incidence density sampling from cohort members free of cancer at
the time of diagnosis of the index patient case. Each control could
be selected as a control for only one case. Matching criteria included
gender, age at KT (in 10-year groups), and year at KT (+1 year). When
no controls were found in the exact matching category (for 45 cases),
less stringent matching criteria were used, which allowed the extrac-
tion from the nearest categories of age or year at transplant. The
index date for controls was defined as the date after the same length
of follow-up as that for the matched case at cancer diagnosis. Since
incidence density sampling matches cases to controls based on the
dynamic risk set at the time of case occurrence, 314 controls became
cases before the end of the sampling period, the majority of whom
(n = 148, 47%) were nonmelanoma skin cancers (NMSC).

2.3 | Statistical analyses

Cases and controls characteristics were presented as counts and
percentages. Chi-square tests were used to assess differences be-
tween groups.

Death with a functioning graft was defined as mortality without
prior graft loss (or need for kidney replacement therapy, i.e., dialy-
sis). For the purpose of this study, person-time at risk was computed
from the date of cancer diagnosis (or, for controls, the index date) to
the date of death, to the date of irreversible graft failure denoted by
the return to dialysis (or retransplantation), or to end of follow-up,
whichever came first. Follow-up was truncated at 5 years after can-
cer diagnosis. The Kaplan-Meier method was used to generate 5-
year survival curves for death with a functioning graft for all cancers
combined, or separately for selected cancer types. The log-rank test
was used to compare survival rates. Hazard ratios (HRs) of death
with a functioning graft from cancer diagnosis in cases compared
with controls, and corresponding 95% confidence intervals (Cls),
were estimated using Cox proportional hazard models stratified on
the matched sets.'® The proportional hazards assumption was as-
sessed through the Schoenfeld residuals and by including interac-
tions with follow-up time. The HRs were also examined within strata
of selected variables using multivariable Cox proportional hazard

models adjusted for matching factors, and the Wald test was used to
assess heterogeneity across strata. To evaluate differences in short-
term and long-term survivals, the HRs for 1-year survival and 5-year
survival, conditioned on being alive at 1 year since cancer diagnosis
were estimated.

3 | RESULTS

A total of 1425 KT recipients who developed one or more cancer
types were identified as cases (Table 1). Among cases, the most com-
mon cancer types other than NMSC (N = 619) were kidney cancer
(N =103), Kaposi's sarcoma (N = 100), prostate cancer (N = 98), NHL
(N =97), and lung cancer (N = 95).

Table 2 shows the distribution of cases and controls according
to cancer type and selected characteristics. Overall, the majority
of cases were males (72%), aged 50 years or older (70%), and had
undergone KT after 2002 (69%). The distribution of matching vari-
ables did not differ between cases and controls. Compared to con-
trols, cases were more likely to be residents in northern Italy (p for
chi-square < .01), except those with Kaposi's sarcoma who resided

)27 No differences were

more frequently in southern Italy (p < .01
observed according to the status of the donor and the primary cause
of kidney failure. Cases and controls were followed up for a median
period of 5 years (interquartile range, IQR: 2-8) before cancer diag-
nosis (or index date), and the median length of follow-up after cancer
diagnosis (or index date) were 3 years (IQR: 1-6) and 4 years (IQR:
2-7) respectively.

Figure 1 displays the Kaplan-Meier estimates of death with
a functioning graft for cases of selected cancer types and their
matched controls. Cases of all cancer types showed a lower 5-year
survival probability than their respective controls (74% vs. 88%).
After excluding NMSC, the survival rate for cases was 63% against
89% of their corresponding controls. Except for NMSC and Kaposi's
sarcoma, cases of all most common cancer types had a worse prog-
nosis compared to their matched control groups, with a 5-year sur-
vival probability ranging from 78% for kidney cancer to 20% for lung
cancer. NMSC was associated with a better 5-year survival (89% in
cases vs. 84% in controls, p = .03), whereas no statistically signifi-
cant differences emerged for Kaposi's sarcoma.

Overall, 292 deaths with a functioning graft were recorded
among the 1425 cases of any cancer type (20.5%) and 238 among
2850 controls (8.4%). The proportions of cases and controls who
were censored for graft failure were 9.2% and 9.6%, respectively,
while 70.3% of cases and 82.0% of controls were alive (or censored
for loss to follow-up) at the end of the follow-up. HRs of death with
a functioning graft, according to selected cancer types and time
since cancer diagnosis, are displayed in Table 3. As compared to
controls, a 3.3-fold higher death risk (95% Cl: 2.70-4.06) emerged
among cases, a risk that substantially increased after the exclusion
from the analysis of patients with NMSC (HR = 7.16, 95% Cl: 5.44-
9.43). Cases with NHL showed the highest HR (HR = 33.09, 95% Cl:
7.96-137.62), followed by those with cancers of lung (HR = 20.51,
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TABLE 1 Distribution of cases according to cancer type TABLE 1 (Continued)
Cases Cases
Cancer type ICD-10 code N Cancer type ICD-10 code N
All? C00-C97, D09.0, 1425 Ureter Cé66 3]
D30.3,D41.4 Eye C69 3
All but NMSC? C00-C97 (excl. C44), 882 Gallbladder and biliary tract ~ C24 2
D09.0, D30.3,
D41.4 Vulva C51 2
NMSC Ca4 619 Cervix Uteri C53 2
Solid tumors® C00-C80 (excl. C44, 663 ez Ca3 E
C46) Other respiratory tract C39 1
Kidney Cé4 103 Uterus NOS C55 1
Prostate Cé61 98 Other female genital organs C57 1
Lung C34 95 Penis C60 1
Breast C50 59 Other male genital organs C63 1
Colon-rectum C18-C20 55 Renal pelvis Cé65 1
Colon Cc18 46 PTLD C81-C96 130
Rectosigmoid junction C19 2 Non-Hodgkin's lymphoma C82-C85, C88, C96 97
Rectum C20 7 Leukemias C91-C95 18
Bladder C67,D09.0, D30.3, 55 Multiple myeloma C90 11
Dal4 Hodgkin lymphoma c81 4
Head and neck C00-C14, C30-C32 42 Kaposi's sarcoma C46 100
Lip Co0 19 L .
Abbreviations: NMSC, nonmelanoma skin cancer; PTLD, posttransplant
Tongue Co2 1 lymphoproliferative diseases.
Palate CO05 1 *The sums can exceed the total because some patients were diagnosed
Mouth Co6 1 with more than one malignancy. For kidney transplant recipients
) diagnosed with more than one malignancy within the same ICD-
Parotid Gland co7 4 10 group (e.g., colon-rectum ICD-10 codes: C18-C20; head and neck
Tonsil C09 2 ICD-10 codes: CO0-C14, C30-C32), only the first one was considered.
Oropharynx C10 1
ARl = Z 95% Cl: 8.21-51.26), breast (HR = 8.80, 95% Cl: 2.54-30.57), colon-
Accessory sinus c31 1 rectum (HR = 3.51, 95% Cl: 1.49-8.26), and kidney (HR = 2.38, 95%
Larynx C32 10 Cl: 1.05-5.40).
Melanoma C43 30 When separately analyzing short-term (i.e., 1-year survival) or
Stomach C16 26 long-term survival (i.e., 5-year survival, conditioned to be alive at
Soft and connective tissues C49 21 1 year) (Table 3), the HR of death with a functioning graft for all
Thyroid and other endocrine  C73-C75 21 cancer cases remained significantly higher throughout the entire
glands follow-up period. However, the effect was more marked in the
Pancreas C25 13 early period (HR = 7.60, 95% Cl: 5.42-10.67). A similar risk pat-
Corpus Uteri C54 12 tern was noted for all but NMSC, for NHL, and for all solid cancers,
Site NOS C76-C80 1 including lung cancer. For cases with kidney (HR = 8.00, 95% ClI:
Testis c62 8 1.70-37.67), colorectal (HR = 7.71, 95% Cl: 2.17-27.36), or bladder
. cancer (HR = 10.00, 95% Cl: 1.17-85.59) the differences in death
Liver C22 7
. risks emerged only within 1 year after diagnosis. On the other hand,
Mesothelioma C45 6
among breast cancer cases, the survival was significantly lower only
Oesophagus C15 4 X
in the long term (HR = 17.06, 95% Cl: 2.16-134.96). NMSC cases
OXEIR] 20 4 showed lower HR than their respective controls after the first year
Bl e “ from diagnosis, whereas no statistically significant difference in risks
Small Intestine c17 3 emerged among cases with Kaposi's sarcoma, prostate, or head and
Anus c21 3 neck cancers.
Heart C38 3 For all cancers and posttransplant lymphoproliferative dis-

(Continues)

eases (PTLD), the female gender was associated with significantly
greater HR of death with a functioning graft in cases versus controls
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ALL BUT NMSC

1.0 10 i
09 094 S st
0.8 08 4
.07 5071 2074
206 206 2 06 -
Q o el
° o <]
505 S 05 s 05 4
g g 3
204 2 04 2 04+
> S 5
Qg8 ? 03 L
0.2 024 0.2
— — Controls — — Controls — — Controls
0.1 Cases Log-rank: 147.40 p<0.01 0.1 9+ Criges Log-rank:283.01 p<0.01 014 Cases Log-rank:4.74 p=0.03
0.0 T T T T 1 00 0.0 T T T T 1
0 1 2 3 4 5 s} 1 2 3 4 5 0 1 2 3 4 5
Time since diagnosis of cancer (years) Time since diagnosis of cancer (years) Time since diagnosis of cancer (years)
No. at risk No. at risk No. at risk
Controls 2850 2369 1948 1610 1320 1037 Controls 1764 1486 1241 1044 873 704 Controls 1238 991 792 632 490 367
Cases 1425 1064 855 689 553 417 Cases 882 597 460 357 284 218 Cases 619 522 434 357 288 21
SOLID TUMORS KIDNEY PROSTATE
1.0 T 10
0.9 1 09 T SR
0.8 08
2z 2971 207
3 3 | 2
2 T 06 g 06
° 2 [
s 0.5 a 054 5 05
] s 5
2 = ol 2
< 04 s 0.4 s 04
= 5 5
? 03 @ 03 ? 03
02 0.2 4 02
— — Controls — — Controls — — Controls
011 Cages Log-rank: 230.91 p<0.01 01— Cases Log-rank: 6.91 p<0.01 0.1 Caces Log-rank: 5.16 p=0.02
0.0 0.0 T T T T 1 0.0 T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Time since diagnosis of cancer (years) Time since diagnosis of cancer (years) Time since diagnosis of cancer (years)
No. at risk No. at risk. No. at risk
Controls 1326 1001 898 745 613 480 Controls 206 175 144 126 105 86 Controls 196 155 123 100 76 50
Cases 663 441 331 251 197 149 Cases 103 70 55 44 35 26 Cases 98 83 63 50 38 28
LUNG BREAST COLON-RECTUM
1.0 feas 10 T e
H""‘-s-..___‘_ = et O
09 S T 09 e
08 0.8
507 »07
206 206
o 2
o o
s 05 505
g g
s 04 s 0.4
5 5
.03 ? 03
02 02
— — Controls — — Controls — — Controls
011 Cases Log-rank: 135.24 p<0.01 011 = Cases Log-rank: 18.07 p<0.01 011 Cages Log-rank: 1297 p<0.01
0.0 0.0 T T T T ) 0.0
0 4, 2 3 4 5 0 1 2 3 4 5 0 1 2, 3 4 5
Time since diagnosis of cancer (years) Time since diagnosis of cancer (years) Time since diagnosis of cancer (years)
No. at risk No. at risk No. at risk
Controls 190 157 122 %6 81 64 Controls 118 99 8 72 61 54 Controls 110 0 77 64 48 30
Cases 95 43 2 14 8 4 Cases 59 46 35 2% 21 14 Cases 55 36 29 23 16 12
NON-HODGKIN LYMPHOMA KAPOSI'S SARCOMA
1.0 o o T e
——
0.9 S 0.9
0.8 08
g 0.7 g 0.7 > 07
1 § 06 § 06
2 3 K
[ [ o
a 0. 305 5 05
3 T 3
2 04 Z 04 2 04
=1 5 g
%03 @03 ® 03
0.2 0.2 02
— — Controls — — Controls — — Controls
0.1 —=== Cases Log-ank: 77.96 p<0.01 0.1 —— Cases Log-rank: 57.00 p<0.01 01 —— Cases Log-rank: 0.19 p=0.66
0.0 T T T T d 0.0 T T T T 1 0.0 T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Time since diagnosis of cancer (years) Time since diagnosis of cancer (years) Time since diagnosis of cancer (years)
No. af risk No. at risk No. at risk
Controls 260 223 186 154 125 110 Controls 194 167 139 118 103 91 Controls 200 189 174 155 143 119
Cases 130 78 57 44 36 27 Cases o7 57 43 34 28 21 Cases 100 8 76 86 46

FIGURE 1 Kaplan-Meier estimates of survival probabilities for cases of selected cancer types and corresponding controls. NMSC,
nonmelanoma skin cancer; PTLD, posttransplant lymphoproliferative diseases

(Table 4). For all cancers and solid tumors, the survival gap was (mTORI) after cancer diagnosis (vs. those treated with mTORI). No
greater at younger ages and decreased with increasing age, and it heterogeneity in HRs for all cancers combined or type-specific can-
was stronger among patients never treated with mTOR inhibitors cers was detected across strata of year at transplant, residence area,
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TABLE 3 Hazard ratios® (HRs) of death with functioning graft and corresponding 95% confidence intervals (Cls) in cases versus controls,

according to selected cancer types and time since cancer diagnosis

5-year survival

Cases Controls
%
Cancer type N deaths % death N deaths death HR (95% CI)
All 292 20.5 238 8.4 3.31(2.70-4.06)
All but NMSC 266 30.2 134 7.6 7.16 (5.44-9.43)
NMSC 44 71 118 9.5 0.60 (0.41-0.90)
Solid tumors 211 31.8 102 77 6.80(5.02-9.22)
Kidney 15 14.6 15 7.3 2.38(1.05-5.40)
Lung 57 60.0 15 79 20.51 (8.21-51.26)
Prostate 17 17.4 15 7.7 1.78 (0.79-4.02)
Breast 16 271 7 5.9 8.80(2.54-30.57)
Colon-rectum 18 32.7 13 11.8 3.51 (1.49-8.26)
Bladder 13 23.6 11 10.0 2.21(0.92-5.29)
Head and neck 7 16.7 8 9.5 3.31(0.96-11.35)
PTLD 49 37.7 16 6.2 29.42(9.15-94.56)
NHL 37 38.1 13 6.7 33.09 (7.96-137.62)
Kaposi's sarcoma 8 8.0 16 8.0 1.76 (0.66-4.73)

1-year survival

HR (95% Cl)

7.60 (5.42-10.67)
12.69 (8.33-19.33)
0.77 (0.35-1.70)
10.67 (6.84-16.63)
8.00 (1.70-37.67)

24.40 (7.53-79.05)
1.00 (0.24-4.25)
4.76 (0.95-23.95)
7.71(2.17-27.36)

10.00 (1.17-85.59)
4.00 (0.73-21.84)

71.01 (9.74-518.01)

53.02 (7.20-390.29)
5.16 (0.53-50.41)

5-year survival,
conditioned to be
alive at 1 year

HR (95% ClI)
1.62(1.23-2.14)
3.70 (2.52-5.41)
0.56(0.35-0.89)
3.90(2.54-5.99)
1.11(0.38-3.24)

14.72 (3.40-63.82)
2.39 (0.86-6.68)

17.06 (2.16-134.96)
1.17 (0.31-4.44)
1.32 (0.47-3.70)
2.64(0.43-16.02)
8.86 (1.96-39.99)

13.35(1.67-106.49)
1.27 (0.40-4.04)

Abbreviations: NHL, non-Hodgkin's lymphoma; NMSC, nonmelanoma skin cancers; PTLD, posttransplant lymphoproliferative diseases.

“Estimated using Cox proportional hazard models stratified on the matched sets.

or use of calcineurin inhibitors. The results of the most frequent
solid tumors and non-Hodgkin's lymphoma are shown in Table S1.
For lung cancer, treatment with mTORI after diagnosis was associ-
ated with a better prognosis than non-treatment.

4 | DISCUSSION
The present investigation highlighted that KT recipients diagnosed
with cancer experienced a higher risk of death with a functioning
graft as compared to cancer-free recipients matched for gender, age,
and year at transplantation. Survival time was particularly reduced
in KT recipients with NHL, lung, colon-rectum, breast, and kidney,
whereas there was no difference in the death risk for cases with
Kaposi's sarcoma, prostate, or head and neck cancers. Although the
survival gap was observed throughout the entire follow-up period,
the effect was more marked within one year from cancer diagnosis.
With improvements in recipients’ long-term survival following
KT, cancer has become an increasingly important contributor to
mortality with a functioning gra1’t.12'20 An Australian study15 has
shown that only 41% of KT recipients who developed cancer sur-
vived with a functioning graft 10 years after diagnosis. Moreover, a
recent study from the United States evidenced that the absolute risk
of death with a functioning graft after cancer was 38% for the most
recent KT recipients transplanted in 2007-2016.12 Although the
prognosis of KT recipients with cancer varies according to the type
and severity of cancer at presentation, available epidemiologic evi-
dence has suggested that it is much worse than in non-transplanted

patients with the same cancer.®™1 On the other hand, limited data
have been accumulated to assess whether the onset of cancer after
KT carries a poor prognosis even when compared with other cancer-
free KT recipients.*>™Y”

The enduring exposure to immunosuppressive treatment and
transplant-specific risk factors among KT recipients may have their
influence on patient survival, even in the absence of cancer.”™ As a
result, the evaluation of the prognostic effect of cancers among KT
recipients by using an internal comparison approach is crucial to fully
quantify the cancer burden in this population, and to develop strat-
egies for improving long-term outcomes. The current study not only
gives a unique insight into the negative prognostic impact of several
common cancers arising among KT recipients, but it also highlights
the significant survival gap that currently exists when compared to
corresponding KT recipients without cancer. Only a previous study
has shown—in accordance with our findings—that KT recipients who
developed cancer had a higher risk of death with a functioning graft
compared to those without cancer, though no matching between pa-
tients with and without cancer was carried out.*

Our results showed that the increased risk of death with a
functioning graft among KT recipients with cancer, as compared
to cancer-free patients, considerably varied according to cancer
type, and it seemed to be driven primarily by death within one year
after cancer diagnosis, which includes 58% (170/292) of deaths ob-
served among cancer cases. The poor outcomes experienced by KT
recipients for certain cancer types may be attributed to a range of
factors, such as the influence of the quality and quantity of immuno-
suppression on the aggressiveness of cancer development and the
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limited available treatment options, particularly among recipients
with considerable coexisting comorbidities.® In this regard, some
authors have observed that malignancies in the KT population were
more aggressive and diagnosed at a much later stage than those in
patients without transplant.zlAIthough in our analyses the year of
transplantation did not impact the risk of death with a functioning
graft in cases versus controls, the effect of the period could be sig-
nificant in larger cohorts with a greater number of events. Thus, the
observed difference in the two groups could be partially explained
by other changes in KT care during the study periods.

The association between immunosuppression and increased risk
of cancers related to oncogenic viruses is well established.?? In this
study, the risk of death with a functioning graft was particularly el-
evated in cases with PTLD, including NHL, as compared to cancer-
free recipients. In agreement with our study, a prior report using
data from the Australia and New Zealand Dialysis and Transplant
Registry showed a poor survival of recipients after the development
of PTLD, reporting a high mortality rate within the first year after
cancer diagnosis.?® Although Kaposi's sarcoma represented the sec-
ond most common cancer in our cohort, we found no differences in
survival rates between KT recipients with and without this cancer
over the entire period. Similarly, a previous study showed that pa-
tients who developed Kaposi's sarcoma after KT had similar long-
term survival when compared with patients without cancer.?* Either
the level of immunosuppression and the extent of the disease seem
to play an important role in determining the course of Kaposi's sar-
coma. The predominance of the cutaneous form, which is associ-
ated with a more favorable outcome than visceral forms, probably
explains these findings.?®

Our results showed that survival outcomes were also worse for
KT recipients with solid organ tumors such as lung, kidney, breast,
bladder, and colorectal cancers. The poor survival of lung cancer is
not unexpected, due to its high malignant potential. Accordingly, the
Scientific Registry of Transplant Recipients analysis highlighted that
lung cancer was more likely to be diagnosed at an advanced stage
in KT recipients than in the general population.?® Previous studies
have observed that the prognosis of KT recipients diagnosed with
colorectal cancer and breast cancer is much worse than in pa-

817.27-29 \nhereas mixed results

tients with transplant or just cancer,
emerged for bladder and kidney cancers.®'” Data from the Israel
Penn International Transplant Tumor Registry have shown that trans-
plant recipients with cancer were diagnosed early for kidney cancer,
but at advanced stages for colorectal, breast, and bladder cancers.
However, survival in these patients was worse for all cancer types
than in the general population, regardless of the stage of diagnosis.8
A recent study reported that the survival of KT recipients with pros-
tate cancer was similar to that of non-transplanted counterparts with
the same malignancy.30 The present study highlighted that it did not
differ also when compared to other transplant recipients. This is one
of the few studies that have looked at survival after the diagnosis of
NMSC. The observed reduction in the risk of death for NMSC cases
as compared to their cancer-free controls was surprising. However,

it is likely that NMSC were diagnosed at an earlier stage as a result

of preventive skin care practices in patients who are prone to per-
form regular medical checkups and cancer screening. The personal
willingness to engage in prevention of these patients can result in
better general health status and more favorable survival outcomes.
Another possible explanation is that improved survival may be as-
sociated with tapered immunosuppression after NMSC appearance.

Understanding factors associated with reduced long-term sur-
vival after cancer in the KT setting is important for predicting, and
potentially improving outcomes. This study showed that the onset of
cancer, particularly PTLD, tended to carry a worse prognosis among
females than among males, an observation that deserves further in-
vestigation with detailed clinical information not presently available.
We also found that the survival gap was stronger among younger KT
recipients than in older recipients. This pattern may be attributable
to the potential competing risk of death from cardiovascular disease
that dampens the effect of cancer on patient survival among older
transplant recipients.®! Cancer survival tended to be better among
KT recipients who were treated with mTORi after cancer diagnosis
compared to never users, a not surprising finding since mTORi si-
rolimus and everolimus show potential anti-proliferative properties,
including inhibition of cellular growth, proliferation, metabolism, and
angiogenesis.32 Nonetheless, previous reports have not been able
to demonstrate improved survival in KT recipients taking mTORi.*3

This study has strengths and drawbacks. Although a longer fol-
low-up period and a larger number of patients would be required to
draw firm conclusions, to the best of our knowledge, it is the largest
and most comprehensive examination of the prognostic effect of sev-
eral cancer types on survival among KT recipients in comparison with
other KT recipients without cancer. Moreover, all study participants
were selected from a defined cohort over a defined time frame, and
controls were matched to cases by age, gender, and year of KT. The
multicenter nature of the study represents another important strength.

Among potential limitations, it is worth noting that we were not
able to fully explore factors that contributed to the observed in-
creased risk of death with a functioning graft of KT recipients with
cancer -such as the presence of comorbidities, cancer stage, and
intensity of immunosuppression. Moreover, the lack of information
on some variables associated with the risk of specific cancers (i.e.,
smoking habits, alcohol abuse, and obesity), which are not routinely
collected in Italian KT centers, needs also to be borne in mind.

A partial lack of completeness of cancer case ascertainment can-
not be excluded as cancer diagnoses were mostly clinically based.
Although we could not perform a linkage with population-based
cancer registries for all KT recipients, the close clinical follow-up of
the KT recipients is likely to limit the lack of completeness of cancer
reporting. Finally, a larger number of controls would have increased
precision in estimates. However, the 2:1 ratio of controls to cases
was chosen on the basis of the available number of controls who fit-
ted matching criteria (i.e., same gender, same age, same year at trans-
plantation, and at least the same length of follow-up as the case).

In conclusion, although posttransplant monitoring and cancer
management so far have been based on patterns of increased can-
cer incidence, the knowledge of the prognostic impact of cancers on
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survival of KT recipients compared to matched recipients without
cancers may provide an additional basis for improving survival in this
population. The survival gap herein quantified for a wide range of
cancer types prompts for close posttransplant surveillance to detect
tumors, hopefully, at the earliest stages, not only for a better chance
of cancer treatment, but also for effectively modulating immunosup-
pressive therapy. Although in our cohort we are not aware of how
many cancers were identified by cancer screening, specific strate-
gies aimed at emphasizing screening and surveillance efforts would
be advisable to optimize long-term outcomes after KT. Further in-
vestigations should be conducted to develop tailored cancer screen-
ing programs in this population.
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