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Abstract

Males have increased mortality after a cancer diagnosis than females, possibly due to 

poorer immunosurveillance. We tested whether the female survival advantage is lost with 

immunosuppression by evaluating 17,048 cancer patients (68% male) with a prior solid organ 

transplant using data from the US Transplant Cancer Match Study and 1,221,914 cancer patients 

(58% male) from the general population using data from the Surveillance, Epidemiology, and 

End Results Program. We evaluated 13 solid cancers that occur in both sexes. We compared 

mortality due to cancer in males and females using a male:female hazard ratio (M:F HR) 

derived from Cox proportional hazards models adjusted for age, race/ethnicity, diagnosis year, 

stage, and cancer treatment. Among cancer patients in the general population, males had higher 

cancer-specific mortality than females for cancers of the lip, stomach, colorectum, anus, liver, 
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lung, skin, brain, and thyroid, with M:F HRs ranging from 1.06 to 1.59. Only colorectal cancer 

showed an attenuation in the female mortality advantage in transplant recipients (M:F HRTransplant: 

0.89; 95% CI: 0.77, 1.03; vs. M:F HRGenPop: 1.07; 95% CI: 1.06, 1.08; P-interaction=0.007). 

Among kidney cancer patients, the female mortality advantage was stronger in the transplant 

population (M:F HRTransplant: 1.33; 95% CI: 1.11, 1.60; M:F HRGenPop: 1.02; 95% CI: 0.99, 

1.04; P-interaction=0.003). Overall, we did not find consistent evidence that the female advantage 

in cancer mortality is weakened among immunosuppressed transplant recipients, suggesting that 

non-immune factors contribute to the female advantage among cancer patients in the general 

population.

Graphical Abstract

Male-to-female cancer-specific mortality ratios in cancer patients with a prior solid organ 

transplant (black circles) compared to those in the general population (open circles)
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Introduction

Cancer is a major cause of morbidity and mortality in the United States (US), with an 

estimated 1,958,310 cases and 609,820 deaths in 2023 [1]. The cancer mortality rate, which 

reflects both cancer incidence and survival after a cancer diagnosis, is 177.5 per 100,000 

persons for males and 128.7 per 100,000 persons for females [1]. This sex difference in 

overall cancer mortality also holds for most cancers at shared anatomic sites (excluding 

sex-specific cancers), where males typically have higher cancer mortality, with the highest 
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male-to-female mortality ratios seen for melanoma of the skin, head and neck, and thyroid 

cancers [2, 3].

Importantly, males are more likely than females to die from their cancer after diagnosis 

[3]. Increased mortality among males with cancer may be due to weaker immune control 

of cancer after diagnosis compared to females, a process referred to as immunosurveillance 

or immunocontainment [4]. In support of this hypothesis, females exhibit a more robust 

cell-mediated and humoral immune response to a host of antigenic challenges [5]. Sex 

steroid hormones may mediate these immune differences [6]. Further, many genes related 

to immunity and tumor suppressor genes, escape X-inactivation, resulting in biallelic 

expression in females [7]. Females also have increased response rates and survival after 

chemotherapy compared to males [8], which may be because the half-life of many 

chemotherapeutics is longer in females [9]. Mortality from bladder cancer is an exception, 

as males have better 5-year survival than females after adjustment for age, stage, and grade 

[10].

Exploring sex differences in cancer mortality among solid organ transplant recipients 

can help clarify the role of immunity in driving sex differences in cancer mortality. 

Transplant recipients are immunosuppressed due to the requirement for lifelong use of 

post-transplantation immunosuppressive medications to prevent graft rejection. Transplant 

recipients with cancer have elevated cancer-specific mortality compared to other individuals 

with cancer, which could be due to the effects of this immunosuppression [11]. If sex 

differences in mortality among cancer patients in the general population are explained by 

differences in immunity, then the female advantage may be reduced in a population of solid 

organ transplant recipients.

Methods

We used data from the Transplant Cancer Match (TCM) Study, which links the US national 

solid organ transplant registry (Scientific Registry of Transplant Recipients [SRTR]) to 30 

population-based cancer registries [12]. The TCM Study includes cancer registry data on 

cancer diagnoses for two-thirds of US solid organ transplant recipients since 1995. Along 

with demographic and transplant data, the TCM Study includes data on dates of cancer 

diagnoses, first course of cancer treatment (chemotherapy, radiation, and surgery), vital 

status, and cause of death. This study was not considered human subjects research by the 

National Cancer Institute. The TCM Study was approved by institutional review boards at 

participating cancer registries as required.

From TCM cancer registries, we identified cancer patients diagnosed between January 1, 

1995 and December 31, 2019, and we used the linked SRTR data to select those who 

had had a solid organ transplant before their cancer diagnosis. We excluded individuals 

outside the four race/ethnic groups of non-Hispanic White, non-Hispanic Black, Hispanic, 

and Asian American/Pacific Islander due to small numbers. We included first malignant 

cancer diagnoses and evaluated non-sex-specific solid tumors with at least 200 cases among 

transplant recipients. The examined cancers included lip, stomach, colorectum, anus, liver 

(including intrahepatic bile duct), pancreas, larynx, lung, melanoma of the skin, kidney 
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(including renal pelvis), urinary bladder, brain, and thyroid. For comparison, we also 

evaluated individuals in the general US population with the same types of cancer, using data 

from 12 Surveillance, Epidemiology, and End Results Program (SEER) cancer registries for 

the same calendar years [13]. Cancers diagnosed at autopsy were excluded in both datasets. 

Due to the rarity of organ transplantation, the general population patients can be considered 

to lack a prior transplant.

We identified deaths due to cancer among transplanted and general population cancer 

patients based on cause of death information as described by Howlader [14], and 

calculated corresponding cancer-specific mortality rates (we note that these mortality rates 

are restricted to cancer patients and thus reflect only mortality after cancer diagnosis). 

Separately for cancer patients with a prior transplant in the TCM study and cancer patients 

in the general population in SEER, we compared cancer-specific mortality in males and 

females using a Cox proportional hazards model. Specifically, we calculated male-to-female 

hazard ratios (M:F HRs) for death due to cancer, with follow-up from the time of the cancer 

diagnosis until death from cancer or censoring due to death from other causes or end of 

cancer registry follow-up (the latest follow-up date was December 31, 2019).

To detect a difference in the M:F HR between cancer patients in the transplant and general 

populations, we combined the TCM and SEER populations and tested for an interaction 

in the Cox model between sex and cohort (TCM vs. SEER) using the P-value from a 

Wald chi-square test. To understand whether an effect of estrogen on immunity may play 

a role in cancer mortality, we also performed separate analyses according to age at cancer 

diagnosis (<50 vs ≥50 years based on the typical age of menopause). We also conducted an 

analysis restricted to cancer patients diagnosed with localized stage cancer who had received 

treatment (one or more of chemotherapy, radiation, and surgery). To examine whether the 

degree of immunosuppression affects the results, we also stratified by transplanted organ. 

Liver transplant recipients receive the lowest dose of immunosuppressant medications, 

followed by kidney recipients, with recipients of lung and heart transplant receiving the 

largest doses. If immunity explains the sex difference in cancer-specific mortality, we would 

hypothesize that the M:F HR would be greatest among liver recipients and more attenuated 

for heart/lung recipients. Differences between the M:F HR among the three organ groups 

were tested using an interaction in the Cox model between sex and organ using the P-value 

from a Wald chi-square test. All models were adjusted for age at cancer diagnosis (<40 

years, 40–79 years in 10-year increments, and 80+ years), race and ethnicity (non-Hispanic 

White, non-Hispanic Black, Hispanic, and Asian-American Pacific Islander), stage of cancer 

(localized, regional, distant, or unknown), year of diagnosis (1995–1999, 2000–2004, 2005–

2009, 2010–2014, and 2015–2019), and first course of cancer treatment based on receipt 

of chemotherapy (yes, no/unknown), radiation (yes, no/unknown), and surgery (yes, no/

unknown) where applicable.

All analyses were conducted in SAS version 9.4 (The SAS System, Cary, NC). We present 

95% confidence intervals (CIs) based on a level of statistical significance of P <0.05.
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Results

The analysis cohort comprised 17,048 cancer patients with a prior transplant (11,535 males 

and 5,513 females) and 1,221,914 patients from the general population (702,758 males and 

569,156 females) with cancers of the lip, stomach, colorectum, anus, liver, pancreas, larynx, 

lung, skin (melanoma), bladder, kidney, brain, and thyroid (Table 1). The most common 

cancer was lung cancer among patients both with a prior transplant and in the general 

population. Cancer patients with a prior transplant were younger than patients in the general 

population (median age 60 vs. 65–69 years). The majority of both groups were non-Hispanic 

White (67.5% in the transplant population vs. 70.1% in the general population), and the 

cancer stage distribution was similar.

Cancer-specific mortality rates were highest for patients with pancreatic, lung, stomach, 

and liver cancers (Table 2). Among cancer patients with a prior transplant, males had 

significantly higher cancer-specific mortality than females for cancers of the lung (M:F HR: 

1.20; 95% CI: 1.11, 1.29), kidney (M:F HR: 1.33; 95% CI:1.11, 1.60), and thyroid (M:F 

HR: 2.75; 95% CI: 1.10, 6.85). Among cancer patients in the general population, males had 

higher cancer-specific mortality than females for cancers of the lip, stomach, colorectum, 

anus, liver, lung, skin, and thyroid, with M:F HRs ranging from 1.06 to 1.59, while females 

had higher cancer-specific mortality for bladder cancer (M:F HR: 0.95; 95% CI: 0.93, 0.98).

When comparing the M:F HRs for cancer-specific mortality between cancer patients with a 

prior transplant and those in the general population, we found a significant interaction only 

for colorectal and kidney/renal pelvis cancers. Specifically, for colorectal cancer, males had 

increased cancer-specific mortality compared with females among patients in the general 

population, but no sex difference in cancer-specific mortality was observed among patients 

with a prior transplant (M:F HRGenPop: 1.07; 95% CI: 1.06, 1.08; M:F HRTransplant: 0.89; 

95% CI: 0.77, 1.03; P-interaction=0.007). In contrast, for kidney cancer, there was no sex 

difference for patients in the general population, but cancer-specific mortality was higher for 

males than females among patients with a prior transplant (M:F HRGenPop: 1.02; 95% CI: 

0.99, 1.04; M:F HRTransplant: 1.33, 95% CI: 1.11, 1.60; P-interaction=0.003).

We next looked at results stratified by age at cancer diagnosis (Table 3). Among cancer 

patients aged <50 years in the general population, males had worse survival than females for 

cancers of the lip, colorectum, anus, liver, pancreas, lung, skin, kidney, and thyroid with M:F 

HRs ranging from 1.11 to 4.61. The number of cancer patients with a prior transplant in this 

age group was somewhat limited, ranging from 25 to 1,240 patients across the cancer types. 

In this age group, only the M:F HRs for anal cancer differed significantly between the two 

populations, with a two-fold increase in cancer-specific mortality for males in the general 

population but no sex difference among those with a prior transplant (M:F HRGenPop: 2.02; 

95% CI: 1.71, 2.39 vs. M:F HRTransplant: 0.67; 95% CI: 0.24, 1.89; P-interaction=0.024).

In the general population, M:F HRs were mostly weaker among patients aged ≥50 years at 

diagnosis compared with younger patients (Table 3). Among cancer patients in the general 

population aged ≥50 years, males had increased mortality compared to females for cancers 

of the stomach, colorectum, anus, liver, lung, skin, and thyroid with M:F HRs ranging from 
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1.03 to 1.50. The M:F HR estimates for colorectal and kidney cancers differed significantly 

between the two populations. Specifically, for colorectal cancer, there was an increased 

risk of mortality among male patients in the general population but no sex difference in 

cancer-specific mortality among patients with a prior transplant (M:F HRGenPop: 1.07; 95% 

CI: 1.05, 1.08 vs. M:F HRTransplant: 0.87; 95% CI: 0.75, 1.02; P-interaction=0.018). For 

kidney cancer, in contrast, there was no sex difference in cancer-specific mortality among 

patients the general population but a male bias for patients with a prior transplant (M:F 

HRGenPop: 1.00; 0.97, 1.03 vs. HRTransplant: 1.31; 95% CI: 1.07, 1.61; P-interaction=0.025).

When we restricted to cancer patients in the transplant and general populations who were 

diagnosed with localized stage cancer receiving treatment (Supplemental Table 1), we did 

not see substantial differences from the main results. The exception is for larynx cancer 

where females had worse cancer-specific mortality than males in the general population 

(M:F HRGenPop: 0.89, 95% CI: 0.80, 0.99) and this association was stronger in the transplant 

population (M:F HRTransplant: 0.42; 95% CI: 0.18, 0.97; P-interaction=0.035). As shown 

in Supplemental Table 2, we found interactions between sex and transplanted organ type 

(a proxy for degree of immunosuppression) for only two cancer sites: melanoma of the 

skin (P-interaction=0.016) and brain tumors (P-interaction=0.037). For melanoma of the 

skin, males had increased cancer-specific mortality compared to females among heart and/or 

lung recipients (M:F HR: 5.44, 95% CI: 1.22, 24.19), but no differences in cancer-specific 

mortality between males and females were seen among kidney and liver recipients. For 

brain cancer, females had increased cancer-specific mortality compared to males among liver 

recipients (M:F HR: 0.03, 95% CI: 0.01, 0.25), but there was no association among kidney 

or heart and/or lung recipients.

Discussion

For most non-sex-specific cancer sites, males have increased cancer-specific mortality 

compared to females in the general population [3]. One possible explanation for this 

difference has been stronger immunosurveillance or immunocontainment of cancer among 

females. Under this model, we hypothesized that females would lose this immunologic 

advantage in an immunosuppressed cohort of solid organ transplant recipients, manifesting 

as an attenuation in the M:F HRTransplant compared to the M:F HRGenPop. Indeed, transplant 

recipients with cancer have higher cancer-specific mortality than patients in the general 

population for a range of cancers, including colorectal, breast, kidney, and bladder cancers 

as well as melanoma [11], implying that immunity is important for control of cancer. 

Notably, however, we did not find a consistent attenuation of the M:F HRTransplant across 

cancer types even when analyses were restricted to patients diagnosed with localized stage 

cancers receiving treatment or when stratified by transplanted organ (reflecting the degree of 

immunosuppression). These results suggest that immunity is not the general explanation for 

the female advantage in survival seen among cancer patients in the general population.

In healthy populations, females exhibit a stronger innate and adaptive immunity than males 

due to the make-up and function of immune cells, resulting in increased incidence of 

autoimmune disorders among females and higher cancer incidence among males [6]. Among 

transplant recipients, who receive the same amount of immunosuppression regardless of sex, 
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females are at higher risk of graft failure [15]. Previous research by our group has shown 

that while the male excess in cancer incidence is attenuated among transplant recipients for 

many cancer sites, it is not completely null [16].

The only cancer for which we saw an attenuation in the female mortality advantage among 

transplant recipients was colorectal cancer. In light of the overall null pattern for other 

cancers, the reasons for the decreased advantage for females diagnosed with colorectal 

cancer in the transplant population are not clear. Colorectal cancer incidence is modestly 

increased in transplant recipients [12, 17], and regular screening is recommended [18, 19]. 

A systematic review of colorectal cancer screening trials found that males experience greater 

mortality benefits from screening, with a 33% reduction in cancer mortality as compared to 

a 15% reduction for females [20], perhaps because males have a higher baseline incidence of 

colorectal cancer and increased mortality after cancer diagnosis [21].

Contrary to our hypothesis, the M:F HRTransplant for cancer of the kidney (including the 

renal pelvis) was higher than the M:F HRGenPop. Here, underlying end-stage kidney disease 

may play a role. Males have a higher incidence of end-stage kidney disease than females, 

and this difference increases with age [22]. However, evidence suggests that females spend 

more time on dialysis before being placed on the transplant waitlist [22] and have higher 

estimated glomerular filtration rate when listed [23, 24]. Most kidney recipients retain their 

damaged native kidneys after transplantation of a donor kidney, and most kidney cancers in 

kidney recipients arise in the native kidneys [25]. Among transplant recipients in our study, 

85% of kidney cancers occurred in kidney recipients, and 70% of kidney recipients with 

kidney cancer were male. In an analysis restricted to kidney recipients, the M:FTransplant HR 

was 1.33 (95% CI: 1.09, 1.62), similar to our main result.

To examine whether an effect of estrogen on immunity may explain the female survival 

advantage among cancer patients in the general population, we stratified the analyses 

by the typical age of menopause [26, 27]. Broadly, estrogen and progesterone are 

immunoprotective, and androgens are immunosuppressive [28]. Stimulation of estrogen 

receptor alpha has been shown to reduce both pro-inflammatory and tumor-promoting 

properties of macrophages [28]. In the age-stratified analysis, the M:F HRs for cancer 

patients in the general population were often larger at younger ages, in line with the 

hormone hypothesis. However, we did not see a consistent attenuation across cancer types in 

the M:F HRTransplant compared to the M:F HRGenPop among patients <50. Anal cancer was 

the only cancer in this age group for which the M:F HRTransplant was attenuated compared to 

the M:F HRGenPop. These results may suggest that any benefits of sex hormones on survival 

are not mediated by their effects on immunity. Another possibility is that estrogen does not 

confer additional benefit in an immunosuppressed setting.

This study used linked data from population-based registries of solid organ transplant 

recipients and cancer registries in the US. The large sample size allowed us to examine 

mortality for 13 cancer sites, although the number of cancer patients was more limited for 

our analysis stratified by age at diagnosis for some of the cancers. The use of population-

based cancer registries allowed us to obtain reliable information on cancer diagnoses 

including stage at diagnosis.
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We note several study limitations. We did not restrict the TCM cohort to the same registries 

included in SEER to maximize the number of cancer patients with a previous transplant. 

Consequently, the TCM cancer patients in non-SEER states may be different from the 

general population included in SEER. We could not adjust for details of cancer treatment 

as registries only collect limited information on the first course of therapy. We also lacked 

data on menopausal status, including use of hormone replacement therapy, so we could not 

directly explore the effects of estrogen on cancer mortality. We note that transplant recipients 

differ from people in the general population in additional ways beyond immune status, 

notably including the presence of significant medical co-morbidity and complications of 

transplantation (e.g., severe infections, kidney dysfunction due to toxicity from calcineurin 

inhibitors). We did not have data on these factors but do not believe that they would have 

systematically led to sex differences in cancer-specific mortality that could have biased our 

results. Finally, we did not have data on lifestyle factors for which the prevalence may differ 

by sex and affect mortality. However, national estimates of current smoking and physical 

activity are comparable between male and female cancer survivors, with females slightly 

more likely to smoke and report lower physical activity after a cancer diagnosis than males 

[29].

Overall, we did not find consistent evidence that the female advantage in cancer mortality is 

weakened or lost among immunosuppressed transplant recipients. These results suggest that 

factors other than immunosurveillance or immunocontainment may contribute to the female 

survival advantage seen among cancer patients in the general population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact:

Males have increased mortality after a cancer diagnosis compared with females, possibly 

due to poorer immunosurveillance. If immune differences explain the female survival 

advantage, it should be attenuated among immunosuppressed individuals. Among 

immunosuppressed transplant recipients, we found that the female advantage in cancer 

mortality was attenuated after a diagnosis of colorectal cancer, compared to the general 

population, but there was no attenuation for 12 other cancer types, suggesting that 

immunosurveillance does not explain the sex difference in cancer mortality.
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Men have higher mortality than women after a cancer diagnosis, and one possible 

explanation is poorer immunosurveillance. Here, the authors show that the female 

advantage is not due to immune factors. They tested whether the sex difference is reduced 

with immunosuppression by evaluating about 17,000 cancer patients who had received a 

prior solid organ transplant. The study included 13 cancer types, and only in colorectal 

cancer was the female survival advantage reduced in transplant recipients. In kidney 

cancer patients, they saw a stronger female survival advantage in transplant recipients.
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Table 1.
Characteristics of solid organ transplant recipients and the US general population with cancer

Cancer patients with a prior transplanta Cancer patients in the general populationb

Male N= 11,535 Female N= 5,513 Male N=702,758 Female N=569,156

No. (%) No. (%) No. (%) No. (%)

Age at diagnosis, years

 <40 549 (4.8) 392 (7.1) 29,853 (4.3) 48,239 (8.5)

 40–49 1,345 (11.7) 720 (13.0) 61,236 (8.7) 59,817 (10.5)

 50–59 3,153 (27.3) 1,507 (27.3) 145,346 (20.7) 102,620 (18.0)

 60–69 4,331 (37.6) 1,922 (34.9) 199,103 (28.3) 129,500 (22.8)

 70–79 1,956 (17.0) 875 (15.9) 174,375 (24.8) 132,311 (23.2)

 ≥80 201 (1.7) 97 (1.8) 92,845 (13.2) 96,669 (17.0)

Race and ethnicity

 Non-Hispanic White 7,993 (69.3) 3,524 (63.9) 499,935 (71.1) 393,006 (69.1)

 Non-Hispanic Black 2,224 (19.5) 1,229 (22.3) 51,422 (7.3) 45,000 (7.9)

 Hispanic 946 (8.2) 532 (9.7) 74,131 (10.6) 67,922 (11.9)

 Asian American/Pacific Islander 352 (3.0) 228 (4.1) 77,270 (11.0) 63,228 (11.1)

Cancer site

 Lip 277 (2.4) 104 (1.9) 3,968 (0.6) 1,347 (0.2)

 Stomach 417 (3.7) 169 (3.1) 31,177 (4.4) 20,466 (3.6)

 Colorectum 1,223 (10.8) 837 (15.4) 151,743 (21.6) 141,368 (24.8)

 Anus 153 (1.3) 228 (4.2) 4,715 (0.7) 6,861 (1.2)

 Liver (including intrahepatic bile duct) 467 (4.1) 131 (2.4) 36,194 (5.2) 14,560 (2.6)

 Pancreas 505 (4.4) 234 (4.3) 32,929 (4.7) 32,140 (5.7)

 Larynx 296 (2.6) 48 (1.0) 16,645 (2.4) 3,700 (0.7)

 Lung 3,174 (27.9) 1,519 (27.9) 156,101 (22.2) 137,970 (24.4)

 Melanoma of the skin 1,000 (8.8) 307 (5.6) 76,546 (10.9) 60,780 (10.7)

 Kidney (including renal pelvis) 2,850 (25.0) 1,134 (20.8) 56,655 (8.1) 32,855 (5.8)

 Urinary bladder 609 (5.4) 190 (3.5) 92,638 (13.2) 29,342 (5.2)

 Brain 153 (1.3) 65 (1.2) 20,812 (3.0) 15,595 (2.7)

 Thyroid 411 (3.6) 547 (10.0) 20,478 (3.0) 66,699 (11.7)

Stage of disease at diagnosis

 Localized 5,784 (50.1) 2,856 (51.8) 327,122 (46.6) 258,489 (45.4)

 Regional 2,292 (19.8) 1,090 (19.8) 174,152 (24.8) 148,407 (26.1)

 Distant 2,720 (23.6) 1,240 (22.5) 169,002 (24.1) 134,722 (23.7)

 Unknown 739 (6.4) 327 (5.9) 32,482 (4.6) 27,538 (4.8)

Year of diagnosis

 1995–1999 993 (8.6) 424 (7.7) 142,405 (20.3) 111,368 (19.6)

 2000–2004 1,838 (15.9) 814 (14.8) 127,410 (18.1) 103,266 (18.1)

 2005–2009 2,840 (24.6) 1,318 (23.9) 137,080 (19.5) 112,708 (19.8)
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Cancer patients with a prior transplanta Cancer patients in the general populationb

Male N= 11,535 Female N= 5,513 Male N=702,758 Female N=569,156

No. (%) No. (%) No. (%) No. (%)

 2010–2014 3,644 (31.6) 1,804 (32.7) 143,869 (20.5) 117,947 (20.7)

 2015–2019 2,220 (19.3) 1,153 (20.9) 151,994 (21.6) 123,867 (21.8)

Surgery c

 Yes 7,114 (61.7) 3,571 (64.8) 406,939 (57.9) 340,376 (59.8)

 No 3,950 (34.3) 1,739 (31.5) 220,521 (31.4) 170,0057 (29.9)

 Unknown 471 (4.1) 203 (3.7) 75,298 (10.7) 58,723 (10.3)

Radiotherapy c

 Yes 2,007 (17.4) 1,015 (18.4) 163,280 (23.2) 135,352 (23.8)

 No 8,900 (77.2) 4,225 (76.6)
539,478 (76.8) 433,804 (76.2)

 Unknown 628 (5.4) 273 (5.0)

Chemotherapy c

 Yes 2,482 (21.5) 1,199 (21.7) 230,131 (32.7) 165,563 (29.1)

 No 8,240 (71.4) 3,955 (71.7)
472,627 (67.3) 403,593 (70.9)

 Unknown 813 (7.1) 359 (6.5)

a
Data are from the following TCM Study cancer registries that provided information regarding vital status and cause of death: Alaska (years of 

cancer diagnosis and follow-up: 1996–2017), Alabama (1996–2016), Arkansas (1996–2016), California (1995–2017), Colorado (1995–2016), 
Connecticut (1995–2017), Florida (1995–2019), Georgia (1995–2017), Hawaii (1995–2017), Illinois (1995–2018), Kentucky (1995–2017), 
Louisiana (1995–2017), Michigan (1995–2018), Montana (1995–2017), North Carolina (1995–2016), North Dakota (1997–2016), Nebraska 
(1995–2017), New Jersey (1995–2016), Nevada (1995–2015), New York (1995–2017), Ohio (1996–2015), Oklahoma (1997–2017), Oregon 
(1996–2016), Pennsylvania (1995–2017), Puerto Rico (1995–2016), Rhode Island (1995–2015), Seattle (1995–2017), Texas (1995–2016), Utah 
(1995–2017), and Virginia (1995–2016).

b
Data are from Surveillance, Epidemiology, and End Results Program (SEER)-12 (years of cancer diagnosis and follow-up: 1995–2019)

c
Data come from first course of treatment, which encompasses all types of treatment documented in the treatment plan and given to the patient 

prior to progression of disease or recurrence of disease.
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