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Abstract
 

Background. An increased incidence of de novo nonlymphoid malignancies has been shown in
immunocompromised patients. However, the true risk over time compared to the general population has not been
determined.
 

Methods. One thousand consecutive patients were carefully followed for an average of 77.8±11.1 (range, 56.3-
96.3) months after primary liver transplantation at a single center. All de novo nonlymphoid malignancies were
recorded. Each malignancy was compared with a standard Occupational Cohort Mortality Analysis Program
population matched for age, sex, and length of follow-up using modified life table technique and surveillance
epidemiology end result (SEER) data.
 

Results. Fifty-seven patients accounted for de novo malignancies and contributed 4795.3 total person years, a
mean±SD of 36±21 (median, 36; range, 6-74) months after liver transplantation. Twenty-two of these malignancies
were skin malignancies including two melanomas. Oropharyngeal cancers (n=7) were found to be 7.6 times higher
(P<0.05) and respiratory malignancies (n=8) were 1.7 times higher (P>0.05) compared to the SEER incidence rate.
Female reproductive system malignancies including breast cancer (n=3) were 1.9 times lower (P>0.05) and
genitourinary malignancies were (n=5) 1.5 times lower (P>0.05) than their matched cohorts. No differences was
observed in gastrointestinal malignancies (n=5). There was a significant difference in survival of the patients after
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diagnosis of malignancy depending on the type of cancer. There were two Kaposi's sarcomas, two metastatic
unknown primaries, one thyroid, one brain, and one opthalmic malignancies in the series. Mortality for Kaposi's and
metastatic disease of unknown primary was 100% within 5 months, while the 1-year mortality for oropharyngeal
cancer was 57.1% and that for lung cancers was 62.5%. Long-term survival for skin cancer was highest: 86.4% at 3
years (P=0.015 by log-rank test).
 

Conclusion. An increased incidence of de novo cancers in the chronically immunocompromised patient demands
careful long-term screening protocols which will help to facilitate the diagnosis at an early stage of the disease.
This is particularly true for oropharyngeal cancers where the risk is more than 7 times higher compared to SEER
incidence data matched for age, sex, and length of follow-up.
 

 

An increased incidence of de novo malignancies in immunosuppressed organ transplant patients was first
predicted by Dr. Thomas E. Starzl in 1968 (1) and confirmed shortly thereafter (2-4). Since then, the frequency of
de novo malignancies in this population has been estimated to range from 4.1% to 16% (5). Predominant among
these tumors are post-transplant lymphoproliferative disorder (PTLD*), squamous cell carcinoma of skin, and
Kaposi's sarcoma. Previous studies have been based on renal transplant experience with azathioprine, prednisone,
and/or cyclosporine immunosuppression. This report examines the frequency and types of nonlymphoid
malignancies in patients undergoing primary liver transplant under tacrolimus immunosuppression. We compare the
incidence of various malignancies with the expected frequency of the given type of malignancy in the general
population matched for age, gender, and length of follow-up in this group of patients. Specific outcomes of the
malignancies are also reported.

 

PATIENTS AND METHODS
 

Study population. The study population consisted of 1000 consecutive patients, who received primary
orthotopic liver transplantation (LTX) between August 1989 and December 1992 at a single center. The
demographic features of the patients have been described previously (6). There were 600 male and 400 female
patients, with a mean±SD age of 42.6±20.2 years at the time of LTX. Patients were followed until death or until
the end of the study (August 31, 1997). The mean length of follow-up was 77.8±11.1 months (range, 56.3-96.3
months).

 

The diagnosis of malignancy was established by histologic examination of biopsies and/or surgical specimens.
The date of the biopsy or surgical procedure was designated as the date of diagnosis of cancer. The tumor node
metastasis classification and staging was based on radiological, surgical, and pathologic findings. Cases of PTLD
and premalignant or noninvasive lesions were excluded from consideration. The incidence of PTLD of 3.5% over a
mean follow-up of 6.4 years has been reported separately for this population (7). In patients who had known
cancers before LTX, recurrence of the same malignancy was excluded; however, all 1000 patients were considered
at risk of development of de novo cancers and were retained in the study. The demographic characteristics of the
patient population are described in Tables 1-4.
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Table 1. Skin malignancy including melanomaa

 

Table 2. Malignancya

 

Table-2B: Oropharyngeal Malignancyb
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Table 3. Malignancya

 

Table 4. Other malignancya

Pretransplant screening studies included chest x-ray and computerized tomography scan of the abdomen in all
patients, and upper and lower gastrointestinal endoscopy in adults (age >40 years) and whenever clinically
indicated. Likewise, female patients (>35 years of age) were advised to have pretransplant mammograms and
gynecological evaluations. Before transplantation, all patients were without signs or symptoms suggestive of the
malignancy that subsequently developed in the posttransplant period. All patients received tacrolimus-based
immunoprophylaxis with concomitant use of steroids from the time of transplant. Management of acute rejection
episodes has been described previously (8).

 

Statistical methods. The incidence of de novo nonlymphoid malignancies for 1000 LTX patients was examined
during the time interval between August 15, 1989 and August 31, 1997. Using the modified life table technique of
the Occupational Cohort Mortality Analysis Program (adapted to cancer incidence data), the person-years at risk
contributed by each patient were jointly classified by gender, age, group, and time period (9). Expected counts of
malignancies were computed by multiplying the average annual gender-age-time specific standard incidence rates
by the corresponding person-years at risk. Incidence rates for whites were used exclusively, as 85% of the patients
were white and the remaining 15% represent a mix of nonwhite races for which standard rates were unavailable.
Standard incidence rates were obtained from the 1990-1991 Surveillance Epidemiologic End Results (SEER) data
(10). As a result of SEER reporting limitations, the expected number of malignancies for the time period 1989-1997
were based on 1989-1993 incidence rates.

 

Comparative malignancy incidence was expressed as a standardized incidence ratio (SIR), that is, the ratio of
the observed number of malignancy cases to the expected number of cases. A SIR value greater than 1.00 indicates
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excess risk, whereas a value less than 1.00 is a decreased risk. Statistically significant deviations of the SIR above
and below one were identified using Poisson probabilities (11). Because SEER incidence rates for malignancies of
the eye, Kaposi's sarcoma, other epithelial skin cancers, and unspecified sites are not available, SIRs were not
computed for these categories.

 

RESULTS
 

Incidence. Fifty-seven patients, who accounted for 4795.3 total person-years, developed de novo nonlymphoid
malignancies. The tumors were divided into six different groups according to the organ of origin (Tables 1-4).
There were 44 men and 13 women, with a mean±SD age at the time of diagnosis of 59.1±9.4 (range, 38.1-77.3)
years. The mean interval from LTX to cancer diagnosis was 36.2±21.0 (range, 5.8-74.1) months (Fig. 1).

 

Figure 1. Mean age at the time of malignancies and mean interval to develop malignancies from LTX, for various
malignancies. Pt., patient.

Skin cancer (Table 1). The most common type of malignancy was skin cancer, which was diagnosed in 22
(2.2% of the population and 33.3% of the cancers diagnosed) patients. These included 18 men and 4 women, with a
mean age of 60.2±10 (range, 38.1-77.3; median, 60.6) years. The mean time to onset was 36.4±18.8 (range, 8.2-
75.1; median, 38.5) months after LTX. The cases included 11 (50.0%) squamous cell carcinomas, 9 (40.9%) basal
cell carcinomas, and 2 (9.1%) melanomas. The most common site of involvement was skin of the head, face, and
neck (14 cases), followed by 4 lesions involving multiple sites, 3 lesions of the trunk, and 1 lesion on the leg. All
skin lesions were surgically excised. Two patients with melanoma underwent wide excision, with one patient alive
53 months after diagnosis. Widespread metastases accounted for the death of the other melanoma patient 18
months after the diagnosis. In case 2, squamous cell carcinoma of the scalp was diagnosed 3 years after LTX and
10 days before death, which was caused by liver and renal failure. In case 7, multiple sites of squamous cell
carcinoma were diagnosed, but death 6.4 months later was from sepsis related to intrahepatic bile duct stricture.
Finally, case 10 died of myocardial infarction 47 months after basal cell carcinoma of head and cheek were
removed.

 

Respiratory malignancies (Table 2A). Lung cancer was the second most common type of malignancy observed,
occurring in eight patients (15.7%: six men and two women) with a mean age at the time of diagnosis of 62.5±7.9
years. The mean time of onset from LTX was 48.5±22.7 months, ranging from 11.2 to 64.3 months (median: 49.8).
Two patients, cases 5 and 6, presented with brain metastases. Five patients died of lung cancer, while remaining
three are alive after surgery with chemotherapy or radiotherapy.

 

Oropharyngeal cancer (Table 2B). Oropharyngeal cancer was the third most common malignancy in this series
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and accounted for seven cases. There were five male and two female patients, with a mean age of 56.6±6.4
(range, 48.2-64.5) years at the time of diagnosis. The intervals from LTX to cancer diagnosis ranged from 9.5 to
68.9 months with a mean of 34.3±24.4 months. In addition to these seven patients, another patient was diagnosed
with pharyngeal squamous cell carcinoma 2.5 months after renal cell carcinoma (case 2, Table 3B). This patient
received multimodality treatment and died 16.7 months after the diagnosis of first cancer site. The patient with
cancer of the floor of the mouth and another patient with cancer of the base of tongue and epiglottis have
survived, after surgical excision, for 33 and 8 months, respectively. The other five patients died as a result of
malignancy.

 

Gastrointestinal malignancies (Table 3A). Five male patients had gastrointestinal malignancies at a mean age
of 58.1±5.5 (range, 48.6-62.5) years. The mean interval between LTX and diagnosis was 37.8±24.8 (range, 11.6-75)
months. One patient with esophageal cancer received chemotherapy and radiotherapy, but died 17 months after
diagnosis. Two patients with sigmoid lesion (case 4) and right-sided colonic lesion (case 5) died 22.8 and 6.5
months after surgery from systemic metastatic disease (case 4) and bacterial endocarditis with renal failure (case
5). The remaining two patients are currently alive, after colorectal surgery, for 48 and 52 months.

 

Genitourinary malignancies (Table 3B). Five male patients developed malignancies of the genitourinary tract.
The mean age was 60.4±9.0 years (range, 47.3-71.3; median, 60.7) at the time of diagnosis. Three patients with
prostate cancer had localized disease; one patient was treated surgically, one received radiation treatment, and
the third received radiation and anti-androgen therapy. All three patients are still alive 41-72 months after
diagnosis. The patient with cancer (case 4) underwent surgical resection but died 15.1 months later from end-
stage liver and renal failure. Management of the case of metastatic renal cell carcinoma (case 2) was complicated
by a concurrent pharyngeal cancer. This patient was treated with nephrectomy, radiation therapy to the head and
neck, plus chemotherapy but eventually died 16.7 months after diagnosis as described above.

 

Miscellaneous de novo malignancies. Ten other patients accounted for a variety of other malignancies (Table
4). Three women aged 60, 50, and 46 years developed breast cancer at 41, 91, and 46 months after LTX. They
underwent surgery followed with chemotherapy in one and radiotherapy in other. All three are still alive 6-22
months after diagnosis. Two male Saudi Arabian patients developed Kaposi's sarcoma after LTX; both died 2.6 and
4.6 months, respectively, after diagnoses. However, the patient with Kaposi's sarcoma of the skin (Table 4, case 5)
died of end-stage liver failure from recurrence of hepatitis C viral infection, and renal failure. Two patients
presented with widespread metastasis from a primary cancer of unknown origin. Glioblastoma of the brain was
diagnosed in a female patient. One patient had squamous cell carcinoma of the conjunctiva, which was treated
surgically at an apparently localized stage, but rapidly recurred in the orbit with metastases to the neck. These
last six patients have died as a result of their malignancy. One 43-year-old woman developed papillary carcinoma
of thyroid 8 months after LTX. She underwent total thyroidectomy and node resection along with radioactive
iodine ablation, and she remains disease-free 49 months after diagnosis.

 

SIRs. Table 5 shows the observed and expected counts of cancer incidence and the ratio of observed to
expected counts for selected sites. Figure 2 shows graphically observed and expected counts of cancer incidence
for these combined cancer sites. As shown in Table 5, oropharyngeal cancer, respiratory malignancy, thyroid
cancer, brain cancer, and melanoma all had elevated ratios (SIR>1.0) in this patient population. (Thyroid cancer
and brain cancer SIRs are based on one case each.) There was a statistically significant increase in the incidence of
oropharyngeal malignancies (SIR=7.6; 95% confidence interval: 2.4-15.73; P<0.01). Female gynecological
malignancies (breast, ovary, uterus, and cervical) and genitourinary malignancies had reduced incidence ratios
(SIR<1.0). No difference was observed in gastrointestinal cancers (SIR=1.06). Because incidence rates were not
available for epithelial skin malignancies, Kaposi's sarcoma, and metastatic disease with unknown site, the
expected cancer incidence could not be computed. However, observed counts of malignancy are shown in Table 5.
For Kaposi's sarcoma, only the overall incidence for males in all areas of the United States, not specific for age,
was available from SEER data, which was 5.8 for year 1993 per 100,000 people.
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Table 5. Observed and expected cancer incidence for selected subgroups of cancer sites

 

Figure 2. Frequency of distribution of various malignancies in LTX patients, compared to general population. Data
are matched for age, sex, and length of follow-up per SEER (10). *Expected value not available in SEER (10);
**expected rate not available; hence, the overall incidence for males in all areas of the United States is shown as
per SEER (10).

Survival statistics. Overall, 25 (43.9%) patients died after diagnosis of malignancy. Three patients with skin
cancer (Table 1, cases 2, 7, and 10) died of causes unrelated to de novo malignancy as described above. In
addition, two patients, one with bladder cancer (Table 3B, case 4) and another with Kaposi's sarcoma of the skin
(Table 4, case 5), died of combined liver and renal failure. Both were not considered for repeat transplantation.
The remaining 20 deaths were directly attributed to development of de novo malignancies. Kaplan-Meier survival
rates were significantly different for the type of cancer. One-year survival for skin cancer, oropharyngeal cancer,
and lung cancer was 90.9%, 42.9%, and 37.5%, respectively. One-year survival for genitourinary and gastrointestinal
malignancies was 100% and 80%, respectively; however, at 2 years, survival was only 60% and 40%, respectively
(Fig. 3). All patients with metastatic disease with unknown primary, Kaposi's sarcoma, brain tumor, and cancer of
conjunctiva died within 1 year from time of the diagnosis (P=0.015, log-rank).
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Figure 3. Kaplan-Meier survival after de novo malignancies for different types of cancers.

Immunosuppression. All 1000 patients were treated with tacrolimus-based immunosuppression. The regimen
has been described previously (8). All 57 patients who developed de novo cancers remained on tacrolimus-based
immunosuppression; cyclosporine or Neoral was not used. Out of 57 patients, 11 patients received azathioprine
(25-100 mg/day) in order to control tacrolimus-related nephrotoxicity. Forty-eight episodes of rejections were
documented among the 57 patients during the study period. These were treated with methylprednisone, and six
patients required OKT3.

 

DISCUSSION
 

This report is based on data drawn from the first 1000 consecutive primary LTX patients. The appearance of
both new epithelial and mesenchymal malignancies iatrogenically immunosuppressed transplant patients has been
reported (1-4,12,13). Previous studies addressing the development of de novo cancers in nonrenal organ transplant
patients have emphasized an increase in the proportion of patients with PTLD, attributed in part to the more
intensive immunosuppressive regimens required in these patients (2,14). An increase incidence in malignancies of
other types can also be expected and there have been observed in frequencies ranging from 4% to 16% (5).

 

A worldwide registry of de novo malignancies in organ transplant patients was initially maintained at the
University of Colorado, Denver and then at the Cincinnati Transplant Tumor Registry as the official database for
these patients. However, as a result of the lack of information on the number of patients at risk at various times
after transplantation, the true incidence of the different types of de novo malignancies cannot be assessed. The
combined Australian and New Zealand Registry reported only a 2% de novo malignancy in LTX patients, although
the follow-up was only 2 years after transplant, and no demographic information regarding the LTX population was
provided (15). In our population of 1000 LTX patients under tacrolimus immunosuppression (median, 6.5-year
follow-up), we report an overall frequency of de novo nonlymphoid cancers of 5.7%. With continued follow-up,
additional cases can be anticipated.

 

The most striking finding is an increased frequency of oral cavity and pharyngeal cancer. Although not shown
here, this statistically significant excess is seen in both males and females for all ages examined separately. This
statistically significant excess of oral cavity and pharyngeal cancer constitute the largest observed excess of all
cancer sites considered. Additionally, mortality for this population was significant for five out of seven patients
(71.4%), who died within 13 months.

 

Some of our patients were at risk for the development of cancer irrespective of immunosuppression and organ
transplantation. Colon cancer was identified in a man with a 24-year history of ulcerative colitis, whose prior
colonoscopies and biopsies were remarkable for only inflammatory changes. In the seven patients who developed
laryngeal cancer, four had a significant history of tobacco use. In the eight patients who developed lung cancer, at
least five had documented a long-standing history of cigarette smoking; in the remaining three patients' medical
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records, history of smoking was not documented.

 

The two cases of Kaposi's sarcoma involved were men of Mediterranean descent, who are known high-risk
patients in the setting of immunosuppression. Although instances of regression of even visceral disease have been
reported with cessation or reduction in immunosuppressive drugs (16,17), both patients failed to respond to a
decrease in tacrolimus and corticosteroids. The reported incidence of Kaposi's sarcoma in transplant population
ranges from 0.18% to 6%, with a latency of 20-24 months (18-20). The SEER age adjusted incidence rate (adjusted
to the 1970 United States population) for 1993, for males of all races was 5.8 per 100,000 per year.

 

Seven out of 35 nonskin malignancies were discovered on routine screening (lung, 3; colon, 2; prostate, 2;
none were screened for oropharyngeal cancer after LTX). Eleven of the deaths occurred with advanced disease at
the time of diagnosis, and one adenocarcinoma of the lung was possibly underestimated as stage I by the
thoracoscopic wedge resection. Rapid dissemination of the cancer in a setting of reduced immune surveillance
could account for presentation at an advanced stage as well as accelerated malignant progression. A tendency
towards aggressive behavior has been noted in malignancies in renal transplant patients (21). Although instances of
tumor regression with cessation or reduction of the immunosuppressant regimen have been noted (22), most de
novo cancers follow a virulent course unchecked by a return to normal immune surveillance.

 

Transplantation of malignant and metastatic cells from occult or unidentified donor malignancies can also
occur, as exemplified by the early transplant experience with cancer victims as donors (23,24). Inadvertent cancer
transmission via organ transplantation has been documented by correlation of donor autopsy findings or medical
history with the subsequent development of a recipient malignancy. Although excluded as a de novo cancer case,
one patient in this liver transplant population apparently developed carcinosarcoma in the liver as a result of
donor transmission. The autopsy finding of carcinosarcoma in the donor's lung was only available after liver
allograft reimplantation. Malignancies causing cerebral hemorrhage can also be difficult to identify, and special
attention must be given to donors with intracranial bleeding (25). The donor for case 8 in Table 4 was a 38-year-
old woman with a subarachnoid hemorrhage of unknown etiology; thus, one could speculate that the glioblastoma
was possibly donor-transmitted. However, computerized tomography scan of abdomen and DNA or HLA studies on
the glioblastoma or autopsy were not performed on this patient to confirm this.

 

The progression to invasive and metastatic cancer is multifactorial. The immunosuppressed state provides a
permissive environment for malignant growth, possibly precipitating an accelerated course of cancer progression in
those already genetically or environmentally predisposed. The correlation of cancer with chronic
immunosuppression, (irrespective of organ transplantation) is supported by the higher incidence of malignancies in
patients with primary immunodeficiency disorders, autoimmune diseases treated with cyclosporine or azathioprine,
and acquired immunodeficiency disease syndrome (26-29). Oncogenic virus activation, chronic antigenic immune
stimulation, and impaired immune surveillance may represent the means by which immunosuppression in organ
transplant patients contributes to neoplastic growth (30-32).

 

Recently, a large study on 1.2 million U.S. adults with alcohol consumption, showed a significantly higher risk
of mouth, esophagus, pharynx, larynx, and liver cancers in middle aged and elderly men and women (33). In our
series, 22.5% of the adult patient population received liver transplant for alcoholic liver disease. Interestingly, 70%
of the patients who developed oropharyngeal, lung, and gastrointestinal cancers had an alcoholic history before
transplant. Most of these patients were fully rehabilitated and were free from alcohol consumption before liver
transplant and are thought to remain sober after the transplant. Whether this risk factor continues after
discontinuation of alcohol or is purely the events of immunosuppression or the combination of both factors needs
further evaluation. Additionally, 18 males out of 600 (3%) and 4 females out of 400 (1%) developed skin cancers.
For other cancers, the rate was 4.0% for male and 2.3% for female. This male preponderance of developing de
novo cancer may partially be related to higher rate of male transplanted for alcohol-related disease (70% male vs.
30% female), where incidence of oropharyngeal, lung, and esophageal cancer is higher. However, there may be
other factors involved.

 

In conclusion, skin cancers were the most common (2.2%), type of de novo nonlymphoid malignancy observed
in the study with best long-term survival. In liver transplant recipients compared to the general population
matched for age, gender, and length of follow-up, the relative risk of developing oropharyngeal cancer was 7.6
times higher and lung cancer was 1.7 times higher. Rates of female gynecological (breast, ovary, uterus, and
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cervix) cancer was actually 1.9 times lower (SIR=0.53), and may reflect a diligent policy of pre- and post-LTX
mammography and gynecologic evaluation. The rate of genitourinary malignancy was 1.5 times lower (SIR=0.68),
whereas the rate for gastrointestinal malignancy was unchanged (SIR=1.06). Rapid progression of de novo
malignancies in chronically immunocompromised recipients warrants careful attention to the association of the de
novo malignancies particularly in older population (age>50 years). Although cancer can develop in
immunosuppressed patients at all ages, based on our data, we strongly recommend screening in all the patients
above age 40 years with additional testing of indirect laryngoscopy, chest x-ray, prostate specific antigen in males,
mammography plus continuation of cervical smears in female and colonoscopy in high-risk patients at regular
intervals, during long-term follow-up. This screening procedures may facilitate diagnosis of these cancers at an
early and (hopefully) curable stage of the disease.
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