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Introduction 
Cancer is among the leading causes of death in adults below 
the age of 70 years in high-income countries (HICs).1-3 
Cancers are categorised into haematological and non-
haematological malignancies, and the non-haematological 
malignancies are referred to as malignant solid tumours. 
Lung, breast, prostate, colon, non-melanoma skin cancers 
and tumours of the urinary bladder are the most common 
malignant solid tumours globally.4,5 Breast cancer is the most 
common solid tumour in adult females in most countries 
including in Africa.6 More than 60% of cancers in adults 
occur in individuals in low- and middle-income countries 
(LMICs).3,5,7 

Less than 10% of cancers in HICs are diagnosed in 
adolescents and young adults (AYA).2 Some of the malignant 
tumours which affect AYA individuals are hereditary, while 
others are due to identifiable environmental factors.3,8-11 
The age range which is used to categorise individuals as 
belonging to AYA and consequently having AYA cancer is 
not universally accepted. The commonly used cut-off age 
bands for the AYA group include 15–39 years, 15–50 years, 
less than 40 years, and less than 50 years.2,7,9 The 15–39-year 

range has recently emerged as the most preferred age band 
for use to define AYA.2 

The incidence of breast, colorectal and thyroid cancers is 
reported to be decreasing in older adults, concomitantly with 
a significant increase in their rate of occurrence in AYA.7 
Some of the factors which are reported to be contributing 
to the increase of the above-mentioned cancers include 
overdiagnosis, radiation exposure and the high prevalence 
of overweight and obesity.2,3,8,12-14 The list of cancers which 
are linked with overweight, or obesity, continues to expand, 
even though for some of the cancers, the association is not 
conclusive.1-3,5,15-18 

It is predicted that the incidence of malignant solid tumours 
in AYA will continue to rise, especially in LMICs. The 
economic burden of cancer in LMIC will soon overtake that 
of communicable diseases. The survival rate of AYA patients 
diagnosed with cancer is significantly lower as compared to 
results in children and older adults.2,3 The aim of this study 
was to analyse the pattern of occurrence of malignant solid 
tumours in AYA in a South African setting. 

Patients and methods 
An audit based on histopathology records of patients who 
were diagnosed and managed at Chris Hani Baragwanath 
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Academic Hospital (CHBAH), Charlotte Maxeke 
Johannesburg Academic Hospital (CMJAH) and Helen 
Joseph Provincial Tertiary Hospital (HJH) was conducted. 
The study focused on patients who were 16 years or older, 
who were diagnosed with malignant solid tumours from  
1 January 2011 to 31 December 2016. Patients whose 
cancers were diagnosed on fine needle aspiration cytology 
and those who had recurrent cancers or had re-excision 
for clear margin were excluded. Records containing post 
resection histology results of already confirmed cancer were 
also excluded. 

Data retrieved included the treating hospital, year of 
diagnosis, gender, age, HIV status, the organ involved and 
the histological diagnosis. The age cut-off of 16–40 years 
was used for the AYA group. Patients who were more than 
40 years old were classified as older adults. Data were 
entered into an Excel spreadsheet and analysed using the 
ModelRisk software. Categorical data was expressed in 
numbers and percentages. The rate of occurrence of the 
common malignant solid tumours, including the ones which 
would primarily be managed by general surgeons in the 
AYA group, was compared to findings in the older adults.  
A chi-square test was used to compare categorical data and 
a p-value below 0.05 was considered statistically significant. 

Results
Of 61  828 records retrieved, 48.5% (29  974) were elimi-
nated because they showed benign diagnoses, were non-
diagnostic, were supplementary or done for quality control. 
Of the remaining 31 854 records, 16.0% (5 087/31 854) were 
in AYA, of which 20.9% (1 055/5 087) were excluded as they 
were post resection histology results. Among the remaining 
records, the newly diagnosed malignant solid tumours in the 
AYA group made up 13.4% (4 032/30 065) of all cancers, 
from which 81.8% (3 298/4 032) were invasive and 18.2% 

(734/4 032) were in-situ lesions. Most of the in-situ lesions 
were from the cervix and breast at 45.1% (331/734) and 
34.6% (254/734), respectively. In 29.7% (218/734), repeat 
tests showed invasive cancer. 

Invasive malignant solid tumours from the AYA group 
constituted 11.0% (3 298/30 065) of all newly diagnosed 
invasive cancers. The median age of patients who had 
invasive malignant tumours in AYA was 36 years (range  
16–40 years). The majority, 81.1% (3 269/4 032) of 
malignant tumours in AYA and 78.2% (2 580/3 298) of 
those which were already invasive, were diagnosed in 
female patients. Breast and cervical cancers were the two 
most common invasive malignant solid tumours in the AYA 
group and accounted for 29.2% (962/3 298) and 23.2%  
(766/3 298) of diagnosed cancers, respectively (Table I). 

Nine hundred and fifty-seven (99.5%) records of newly 
diagnosed malignancies of the breast in AYA were from 
females. Thirty-eight (14.2%) of the 268 malignant skin 
tumours in the AYA group were Kaposi’s sarcoma. Seventy-
seven records (2.3%) in the AYA group showed lymphoma, 
of which 80.5% (62/77) were non-Hodgkin lymphomas. 
Only 0.4% (12/3 298) of the invasive malignancies in the 
AYA group were primary tumours of the lung. Other tumours 
which were diagnosed in the AYA group included oral cavity 
cancers at 1.2% (38/3 298), salivary gland tumours at 1.0% 
(32/3 298), primary or metastatic tumours of the ovary at 
0.8% (27/3 298), 0.3% (10/3 298) cancers of the prostate 
and 0.2% (5/3 298) testicular cancers. In 1.8% (61/3 298) of 
the reports the site from which the biopsy was taken was not 
specified. A combination of breast and colorectal cancer in 
the AYA group constituted 63.6% of malignant solid tumours 
which are primarily managed by the general surgeons  
(Table II). 

Malignant tumours of the breast were recorded in 18.1% 
(4 833/26 767) of the records from older adults, as compared 

Table I: Breakdown of the reported invasive and in-situ tumours in the AYA group
Organ of origin Number (%) of all diagnosed 

invasive malignancies (n = 3 298)
Number (%) of all indeterminate, 

pre-malignant or in-situ tumours (n = 516)
Total (%)  
(n = 3 814)

Breast 962 (29.9%) 93 (20.9%) 1 055 (27.7%)
Cervix 766 (24.3%) 298 (30.2%) 1 064 (27.9%)
Skin 268 (6.6%) 14 (7.5%) 282 (7.4%)
Colon and rectum 170 (5.2%) 8 (5.0%) 178 (4.7%)
Conjunctiva 127 (4.3%) 51 (12.9%) 178 (4.7%)
Vulva 92 (3.1%) 7 (9.5%) 99 (2.6%)
Liver 65 (2.2%) 0 (0%) 65 (1.7%)
Thyroid 59 (2.0%) 0 (0%) 59 (1.5%)
Stomach 58 (1.9%) 0 (0%) 58 (1.5%)
Anus 45 (1.5%) 7 (12.7%) 52 (1.4%)
Oral cavity 38 (1.3%) 0 (0%) 38 (1.1%)
Perianal 37 (1.2%) 2 (5.1%) 39 (1.0%)
Oesophagus 34 (1.1%) 1 (2.9%) 35 (1.0%)
Urinary bladder 34 (1.1%) 0 (0%) 34 (0.9%)
Salivary gland 32 (0.8%) 0 (0%) 32 (0.8%)
Ovary 27 (0.7%) 0 (0%) 27 (0.7%)
Vagina 18 (0.6%) 1 (5.3%) 19 (0.5%)
Not specified 41 (1.2%) 0 (0%) 41 (1.1%)
Others 425 (12.9%) 34 (6.6%) 459 (12%)
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to 12.4% (3 320/26  767) for skin, 11.4% (3 044/26  767) 
for prostate, 7.1% (1 896/26  767) for cervix and 4.8%  
(1 284/26 767) of colorectal cancers. Breast and colorectal 
tumours combined constituted 22.9% of newly diagnosed 
cancers in older adults (Table III). 

The peak times of occurrence of malignant tumours of 
the breast, prostate and skin were in the 51–60, 61–70 and  
61–70-year age period; respectively. The age band which 
had most patients diagnosed with carcinoma of the cervix 
was before the age of 50 years (Figure 1). 

The difference in the rate of occurrence of the reported 
tumours in the two age groups was statistically significant 
(Table IV). 

Overall, 28.8% (766/2 662) of malignant tumours of the 
cervix, 16.6% (962/5 795) of breast and 14.3% (55/384) of 
the rectum were diagnosed in the AYA group (Figure 2). 

Discussion
Our aim was to investigate the relative burden of malignant 
solid tumours in AYA in a South African setting. Among 
the key findings from our study is that cancers in the AYA 
group accounted for 11% of the overall number of invasive 
malignant solid tumours in adults. More than 78% of invasive 
cancers in the AYA group were diagnosed in females. Breast 

cancer was the most common malignant solid tumour in 
females, irrespective of age. Although breast and colorectal 
malignancies when combined constituted over 35.1% of 
cancers in the AYA group, they made up less than 23% in 
older adults. Other malignant tumours which were common 
in the AYA group included carcinoma of the cervix, skin, 
and conjunctiva. Cancer of the prostate was rare in the AYA 
group. Cancer of the breast, skin, cervix, colorectum, uterus, 
oesophagus, urinary bladder, and stomach were among the 
most diagnosed malignant solid tumours in older adults. 
The peak age of occurrence of malignant solid tumours in 
adults was after the age 50 years, except for cancer of the 
cervix. More malignant tumours of the cervix, liver, breast 
and colorectum were diagnosed in AYA group as compared 
to other cancers. 

The majority of the commonly occurring malignant 
tumours identified in the current study are recognised as 
overweight- and obesity-related cancers.8,12-14 The so-called 
overweight- and obesity-related cancers include cancer of 
the breast, colon, oesophagus, uterus, liver, gall bladder, 
ovary, prostate, and uterine cervix.8,12 The association 
between overweight or obesity and prostate cancer and 
cancer of the cervix is, however, still being debated. The link 
between malignancies and excessive weight is an important 
perspective globally as several studies have shown that 
overweight and obesity are becoming more prevalent across 
the globe.13,14 

Breast cancer was the most commonly occurring malignant 
solid tumour in adults, irrespective of age. A total of 5 795 

Table II: Cumulative rate of occurrence of the common 
general surgery malignancies in the AYA group (n = 1 781)
Organ Number Actual 

percentage
Cumulative 
percentage

Breast 962 54.1% 54.1%

Skin 268 15.0% 69.1%

Colon and rectum 170 9.5% 78.6%

Liver 65 3.6% 82.2%

Thyroid 59 3.3% 85.5%

Stomach 58 3.3% 88.8%

Anus 45 2.5% 91.3%

Oral cavity 38 2.1% 93.4%

Perianal 37 2.1% 95.5%

Oesophagus 34 2.0% 97.5%

Salivary glands 32 2.0% 99.5%

Pancreas 13 0.7% 100%

Table III: Cumulative rate of occurrence of the common 
malignancies in older adults (n = 26 767)
Organ Number (%)
Breast 4 833 (18.1%)
Skin 3 320 (12.4%)
Prostate 3 044 (11.4%)
Cervix 1 896 (7.1%)
Colon and rectum 1 284 (4.8%)
Uterus 904 (3.4%)
Oesophagus 787 (3.0%)
Urinary bladder 677 (2.1%)
Stomach 443 (1.7%)
Liver 324 (1.0%)

Table IV: Comparison of the rate of occurrence of common invasive malignant tumours in AYA and older adults
Organ Overall number of cases (%) 

(n = 300 65)
AYA group  
(n = 3 298)

Older adults > 40 years  
(n = 26 767)

p-value

Breast 5 795 (19.3%)  962 (29.2%) 4 833 (18.1%) 2.2e-16
Skin 3 588 (11.9%) 268 (8.1%) 3 320 (12.4%) 0.669
Prostate 3 054 (10.2%) 10 (0.3%) 3 044 (11.4%) 0.002
Cervix 2 662 (8.9%) 766 (23.2%) 1 896 (7.1%) 2.2e-17
Colon and rectum 1 454 (4.8%) 170 (5.2%) 1 284 (4.8%) 0.108
Uterus 932 (3.1%) 28 (0.8%) 904 (3.4%) 0.509
Oesophagus 821 (2.7%) 34 (0.7%) 787 (3.0%) 2.2e-8
Urinary bladder 711 (2.4%) 34 (0.7%) 677 (2.1%) 0.005
Stomach 509 (1.7%) 66 (2.0%) 443 (1.7%) 0.129
Liver 389 (1.3%) 65 (2.0%) 324 (1.0%) 0.890
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new breast cancers were diagnosed during the period of 
study, which was 18.8% of all malignant solid tumours. The 
percentage of breast cancer which was diagnosed in male 
patients was 0.5% in AYA group and 1.6% in older adults, 
which is like what has been reported previously.19 In a study 
by Miranda et al.,9 breast cancer accounted for 19.6% of all 
cancers in AYA. However, Miranda and colleagues used a 
different age range for AYA and included haematological 
cancers in their analysis. Breast cancer presents at an earlier 
age in Blacks, who are the predominant population group in 
our setting.20,21

The common urogenital cancers across all ages include 
carcinoma of the cervix, cancer of the uterus and that of the 
urinary bladder. The high prevalence of urogenital cancers 
was also reported by Miranda et al.9 and Bleyer and Ronald,7 
although their publications focused only on the AYA group. 
Globally, genitourinary tract cancers are on the rise, which 
is thought to be due to a surge in overweight and obesity. 
The other factors contributing to the higher prevalence of 
urogenital malignancies especially in LMICs include HIV 
and human papillomavirus (HPV) infection.8,16-18 The peak 
age of occurrence of urogenital cancers in the current study, 
apart from carcinoma of the cervix, ranged from the 6th to 
7th decades of life and is like findings in prior studies.7,9,22-25

Skin cancer was the third most common cancer in AYA, 
accounting for 8.1% of invasive cancers in the group. On the 
other hand, skin cancers constituted 10.4% of all the malignant 
solid tumours in older adults. Basal cell carcinoma (BCC) 
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of the skin was the commonest skin cancer, irrespective of 
age. In a retrospective analysis by York et al. conducted in 
Cape Town from 2008 to 2012, BCC was the second most 
common cutaneous cancer across all age groups accounting 
for 27.8% of cases, with the highest incidence of 34.3% in 
individuals between the age of 60–69 years.26 However, in 
the current study the highest number of BCC cases were 
recorded in patients in the 4th to 6th decade of life. 

Whether the higher occurrence of BCC reflects the 
increasing incidence of the cancer in the younger population 
as suggested by Miranda et al.,9 York et al.,26 and Prithwish et 
al.,27 cannot be confirmed from the current study. The report 
by York and colleagues is more than a decade old and the 
increasing role of climate change with increased exposure 
to dangerous levels of ultraviolet light on the rate of skin 
cancer cannot be overlooked. Moreover, the York et al. study 
focused on skin cancer across all age groups. 

Colorectal cancer (CRC) was the 4th most common 
cancer in AYA, accounting for 5.2% of malignant solid 
tumours and 4.8% in older adults. There was a progressive 
rise in the number of colorectal cancers throughout the ages 
in the AYA group. In 2013, colorectal cancer became the 
2nd most common cancer in men and the 3rd in women of 
all racial groups, which was 5.3% and 4.2% of all cancers, 
respectively. The incidence of CRC is increasing in some 
countries and, apart from the hereditary and genetic risk 
factors, overweight and obesity are currently suspected to be 
responsible for the rise in the incidence of colorectal cancer 
in young adults.27 

The most common head and neck cancer was thyroid 
cancer making it 3.5% of the 10 most common cancers in 
AYA and 1.5% of the total solid tumours in the group. The 
peak age range of occurrence of thyroid cancer in AYA was 
from 31–35 years. The most common thyroid malignancy 
was papillary carcinoma which is known to be a disease of 
young adults. Comparatively, thyroid cancers constituted 
0.7% of all cancers in older adults. Our findings in the AYA 
group vary from that of Bleyer et al.7 and Miranda et al.9 
probably because their data on cancer in AYA included 
haematological malignancies.

Other cancers that were reported in significant numbers in 
AYA patients in this study include lymphoma, hepatocellular 
carcinoma (HCC), oesophagus, gastric and soft tissue 
sarcomas (STS). Lymphoma accounted for 1.5% of the 
malignant solid tumours in AYA and most of the cases were 
diagnosed in the 31–35-year age range. The analysis by 
Bleyer et al.7 and Prithwish et al.27 showed that the incidence 
of lymphoma globally is on the increase, disproportionately 
so in the AYA group. 

Malignant tumours of the liver may be primary or 
metastatic. While majority of malignant tumours in the 
liver are metastases. The commonest primary tumour of the 
liver is HCC which is commonly diagnosed in patients in 
the 5th decade of life and above in HICs.28,29 Liver tumours 
made up 1.3% of all diagnosed malignancies and 36.6% 
of histologically diagnosed HCC were in AYA, which is in 
keeping with what is reported in the literature.29 There has 
been a notable increase in the incidence of HCC globally 
across all the ages but more so in AYA.28-30 

Cancer of the oesophagus accounted for 0.7% of the 
malignant solid tumours in the AYA group and 3.0% in older 
adults, and 97.0% of them were squamous cell carcinomas. 
Most patients who are managed at the three hospitals are 

Black Africans, which would explain the high prevalence of 
the squamous cell carcinoma. Recent studies have reported 
on the rising incidence of oesophageal cancer in people 
below the age 50 years, which has been attributed to the 
increased incidence of smoking, alcoholism, overweight 
and obesity among AYA.6,8,14-17,26,29 However, the period 
during which a higher number of oesophageal cancers were 
diagnosed in the current study was in the 51–60-year age 
range. 

A total of 475 cases of gastric malignancies were recorded 
overall and 6.7% were diagnosed in AYA with a peak in the 
36–40-year age range. The possibility of hereditary carcinoma 
is higher in patients who are diagnosed with diffuse gastric 
adenocarcinoma before the age of 40 years.31 In the older 
adult population, the age band during which most cases were 
diagnosed was in the 51–60-year range. Combined, gastric 
adenocarcinoma of the stomach accounted for 1.5% of all 
malignant solid tumours in the study. 

The majority of Kaposi sarcoma were reported on skin 
biopsies and accounted for 15% of skin cancers in AYA 
and 9.2% of all the solid malignancies in the study. Studies 
by Ferrari et al.32 and Ismaila et al.33 concluded that the 
higher incidence of Kaposi sarcoma is fuelled by the higher 
prevalence of HIV infection. 

Strength and limitations of the study
The study only focused on malignant tumours which were 
diagnosed following histology, and therefore cancers which 
were confirmed on fine needle aspiration cytology or elevated 
tumour markers were not included. The above could have 
led to an underestimation of some of the tumours. The study 
may not be a true reflection of the pattern of occurrence of 
malignant solid tumours in Johannesburg, as not all patients 
are diagnosed and managed at the three academic hospitals. 
As the analysis of histology reports was done manually, it 
is probable that some of the eligible cases could have been 
deleted. However, the large sample size would mitigate for 
possible errors which might have occurred during counting. 
This study is the first of its kind in South Africa. This is, to 
the best of our knowledge, one of the largest data from a 
single centre on cancer in AYA. 

Conclusion
Twelve per cent of malignant solid tumours were diagnosed 
in AYA and 78.2% in female patients. Cancers of the breast, 
cervix, skin, and colon were the most reported malignant 
solid tumours in AYA. The burden of breast and colorectal 
cancer is relatively higher in AYA than in older adults. 
More than 16% of breast, carcinoma of the cervix and 
hepatocellular carcinoma were diagnosed in AYA. Prostate 
cancer is extremely rare before the age of 40 years. Lung 
cancer was not among the top 10 commonly diagnosed 
malignancies in AYA and older adults. Over 11% of 
conjunctival, breast, skin and other malignant solid tumours 
were diagnosed in AYA. 

Programmes to improve health care for young women 
should include prevention and management of malignant 
solid tumours. Cancer prevention and management strategies 
in South Africa should prioritise breast, cervix, skin, prostate, 
and colorectal cancer as they are the most commonly 
occurring malignant solid tumours in adults. Among the 
strategies to reduce the rate of occurrence or deaths due to 
cancer should be measures to reduce overweight and obesity. 
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