Table 1. Characteristics of patients with genetically confirmed multiple endocrine neoplasia type 1 syndrome in the Moscow Region acromegaly cohort
	Patient No.
	Sex
	Adenoma size
	Acromegaly
	Components of MEN-1 syndrome

	
	
	
	Age at first symptoms, years
	Age at diagnosis, years
	Primary hyperparathyroidism
	Pancreatic NET
	Other components

	1
	f
	macro
	12
	17
	+
	+
	+

	2
	f
	macro
	27
	29
	+
	+
	–

	3
	f
	macro
	15
	27
	+
	+
	–

	4
	m
	macro
	25
	41
	–
	+
	+

	5
	f
	micro
	23
	28
	+
	–
	+

	6
	f
	micro
	19
	50
	+
	–
	+

	7
	f
	micro
	49
	56
	+
	–
	+

	8
	f
	micro
	35
	50
	+
	–
	+

	9
	f
	micro
	47
	69
	+
	–
	+

	10
	f
	macro
	57
	60
	+
	–
	+

	11
	f
	macro
	38
	59
	+
	–
	+


“+” indicates the presence of the condition; “–” indicates absence; f, female; m, male; MEN-1, multiple endocrine neoplasia type 1; NET, neuroendocrine tumor

Table 2. Characteristics of patients with cancer diagnosed before acromegaly
	Patient No.
	Sex
	Malignancy
	Acromegaly
	Primary hyperparathyroidism

	
	
	Age at cancer diagnosis, years
	Tumor type
	Age at first acromegaly symptoms, years
	Age at acromegaly diagnosis, years
	Adenoma size
	

	1*
	f
	12
	Thyroid cancer
	12
	17
	macro
	+

	2**
	f
	38
	Rectal cancer
	56
	59
	micro
	–

	3**
	f
	47
	Breast cancer
	57
	65
	macro
	+

	4
	f
	47
	Cervical cancer
	27
	56
	macro
	–

	5
	f
	48
	Thyroid cancer
	45
	55
	micro
	–

	6**
	f
	48
	Breast cancer
	53
	63
	macro
	–

	7
	f
	52
	Endometrial cancer
	33
	54
	macro
	–

	8**
	f
	52
	Breast cancer
	67
	70
	macro
	–

	9
	f
	63
	Breast cancer
	63
	67
	micro
	–


“+” indicates the presence of the condition; “–” indicates absence; f, female
* Patient with genetically confirmed multiple endocrine neoplasia type 1 syndrome (patient No. 1 in Table 1)
** Patients in whom malignancies were diagnosed before the first symptoms of acromegaly

Table 3. Characteristics of patients with multiple primary cancers in the Moscow Region acromegaly cohort
	Patient No.
	Sex
	Adenoma size
	Age at acromegaly diagnosis, years
	Cancer 1
	Cancer 2

	
	
	
	
	Age at cancer 1 diagnosis, years
	Tumor type
	Age at cancer 2 diagnosis, years
	Tumor type

	1*
	f
	macro
	17
	12
	Thyroid cancer
	17
	Pancreatic NET ***

	2
	f
	macro
	37
	69
	Kidney cancer
	72
	Endometrial cancer

	3**
	m
	macro
	41
	45
	Thyroid cancer
	50
	Colon cancer

	4
	f
	micro
	50
	63
	Endometrial cancer
	69
	Colon cancer

	5
	f
	macro
	54
	54
	Gastric cancer ***
	54
	Colon cancer ***

	6
	m
	micro
	58
	59
	Colon cancer ***
	67
	Lung cancer

	7
	f
	micro
	68
	76
	Thyroid cancer ***
	77
	Cutaneous melanoma ***


f, female; m, male; NET, neuroendocrine tumor
* Patient with genetically confirmed multiple endocrine neoplasia type 1 syndrome (patient No. 1 in Tables 1 and 2)
** Patient with genetically confirmed multiple endocrine neoplasia type 1 syndrome (patient No. 4 in Table 1)
*** Active acromegaly or uncontrolled acromegaly at the time of cancer diagnosis

Table 4. Clinical and biochemical characteristics of acromegaly in patients with and without cancer
	Parameter
	Cancer
	p-value

	
	Yes (n = 75)
	No (n = 348)
	

	Sex, f/m, n (%)
	62/13 (82.7/17.3)
	255/93 (73.3/26.7)
	0.117*

	Age at first acromegaly symptoms, years
	41.9 ± 13.9
41 [30; 53]
12–68
	40.4 ± 13.4
40 [30; 50]
15–77
	0.398**

	Age at acromegaly diagnosis, years
	51.5 ± 13.9
54 [41; 62]
14–77
	48.0 ± 13.5
49 [38; 58]
19–83
	0.036***

	Latent period of acromegaly, years
	9.4 ± 7.4
7 [3.5; 14]
1–29
	8.3 ± 7.5
6 [3; 11]
1–36
	0.193**

	BMI at acromegaly diagnosis
	30.1 ± 5.7
29.0 [26.2; 33.1]
18.6–50.7
	29.9 ± 5.2
29.2 [27.3; 32.1]
19.3–46.0
	0.934**

	IGF-1 at acromegaly diagnosis, ng/mL
	733 ± 272
694 [502; 892]
270–1356
	752 ± 321
692 [516; 907]
220–1779
	0.701**

	IGF-1 index at acromegaly diagnosis
	3.0 ± 1.1
2.9 [2.2; 4.0]
1.1–5.2
	3.0 ± 1.2
2.8 [2.1; 3.6]
1.1–7.3
	0.879**

	Basal GH at acromegaly diagnosis, ng/mL
	31.8 ± 37.1
17.9 [7.1; 46.4]
1.6–203.2
	40.5 ± 65.3
19.5 [7.8; 41.1]
1.3–510
	0.559***

	Pituitary tumor volume before treatment, mm3
	3644 ± 7332
1046 [307; 3501]
27–49393
	4874 ± 11441
1920 [655; 4830]
4–120933
	0.441***

	Prolactin at acromegaly diagnosis, mIU/L
	6080 ± 13045
1767 [1060; 2500]
583–54340
	2098 ± 4183
1138 [724; 1939]
436–32988
	0.022***

	Fold increase above ULN for prolactin at acromegaly diagnosis
	11.9 ± 24.9
4.2 [2.7; 6.3]
1.6–104.5
	4.5 ± 9.9
2.1 [1.6; 4.2]
1.23–78.2
	0.004***

	Age at last visit
	66.7 ± 12.5
69 [61; 75]
29–90
	60.1± 13.5
61.5 [50; 70]
29–94
	0.004**

	Time from diagnosis to acromegaly remission, years
	8.9 ± 9.2
5 [3; 12]
1–33
	5.6 ± 5.6
4 [2; 7]
0.5–32
	0.021**

	Time from first symptoms to acromegaly remission
	17.7 ± 9.3
15 [9; 25]
1–48
	12.3 ± 7.9
10 [6; 18]
2–33
	0.003**


BMI, body mass index (kg/m2); f, female; GH, growth hormone; IGF-1, insulin-like growth factor-1; m, male; ULN, upper limit of normal
Data are presented as mean ± standard deviation (M ± SD), median and quartiles (Me [LQ; UQ]), and range (min–max)
* χ2 test
** Student’s t-test
*** Mann–Whitney test

Table 5. Prevalence of comorbidities in acromegaly patients with and without cancer
	Comorbidity, n/N (%)
	Cancer
	p-value*

	
	Yes
	No
	

	Primary hyperparathyroidism
	8/75 (10.7)
	12/344 (3.9)
	0.009

	Hyperprolactinemia
	17/70 (24.2)
	68/307 (22.1)
	0.700

	Glucose metabolism disorders including:
	51/74 (68.9)
	177/327 (54.1)
	0.021

	type 2 diabetes mellitus
	36/74 (48.6)
	128/327 (39.1)
	0.134

	early glucose metabolism disorders
	15/74 (20.3)
	49/327 (15.0)
	0.263


Data are presented as number of patients with the condition (n) over the total number of patients for whom data were available (N)
* χ2 test

Table 6. Frequency of acromegaly treatment modalities and biochemical control achievement
	Treatment modality, n/N (%)
	Cancer
	p-value

	
	Yes
	No
	

	Neurosurgery
	35/74 (47.3)
	192/311 (61.7)
	0.024*

	Radiosurgery
	19/74 (25.7)
	55/327 (16.8)
	0.076*

	Somatostatin analogs
	61/74 (82.4)
	249/332 (75)
	0.174*

	GH receptor antagonists
	3/73 (4.1)
	21/317 (6.6)
	0.591**

	Dopamine receptor agonists
	19/74 (25.7)
	47/322 (14.6)
	0.022*


GH, growth hormone
Data are presented as number of patients who received the treatment (n) over the total number of patients for whom data were available (N)
* χ2 test
** Fisher’s exact test

Table 7. Characteristics of acromegaly patients according to the timing of cancer diagnosis relative to acromegaly
	Parameter
	Timing of cancer diagnosis
	р-value

	
	Before acromegaly diagnosis (subgroup 1, n = 9)
	At acromegaly diagnosis (subgroup 2, n = 18)
	During acromegaly treatment (subgroup 3, n = 55)
	

	Age at first acromegaly symptoms, years
	45.9 ± 13.8
41 [28, 51]
13–68
	43.7 ± 11.8
40 [26, 53]
21–65
	40.6 ± 13.8
41 [28, 51]
13–68
	0.389*

	Age at acromegaly diagnosis, years
	56.2 ± 13.8
50.5 [41, 59]
14–77
	53.4 ± 14.3
54.0 [41, 64]
29–77
	50.2 ± 13.8
50.5 [41, 59]
14–77
	0.244*

	Time from first symptoms to acromegaly diagnosis, years
	10.3 ± 9.0
7 [4, 15]
2–44
	8.4 ± 7.4
6 [2, 13]
2–24
	9.6 ± 9.0
7 [4, 15]
2–44
	0.771*

	Age at cancer diagnosis, years
	45.2 ± 13.8
48 [58, 69]
12–63
	53.7 ± 13.8
54 [41, 63]
29–77
	62.2 ± 11.8
63 [58, 69]
27–86
	0.001*
p1–2 = 0.263
p2–3 = 0.022
p1–3 < 0.001

	Time from first acromegaly symptoms to cancer diagnosis, years
	Not applicable
	8.4 ± 7.4
6 [2, 13]
2–24
	21.5 ± 12.7
20 [14, 30]
4–61
	p2–3 < 0.001

	Time from acromegaly diagnosis to disease control, years
	6.5 ± 9.1
5.5 [3, 11]
2–12
	3.6 ± 3.1
2 [1, 4]
1–11
	9.8 ± 9.1
6 [4, 12]
1–33
	0.027*
p1–2 = 0.106
p2–3 = 0.008
p1–3 = 0.021

	Time from first acromegaly symptoms to disease control, years
	13.5 ± 9.6
12 [7, 13]
5–32
	11.3 ± 12.4
10 [7, 13]
1–25
	20.6 ± 10.4
19.5 [13, 27]
7–48
	0.008*
p1–2 = 0.765
p2–3 = 0.003
p1–3 = 0.004


Data are presented as mean ± standard deviation (M ± SD), median and quartiles (Me [LQ; UQ]), and range (min–max)
* Comparison of three independent groups: Kruskal–Wallis test
p1–2, p2–3, p1–3 – pairwise comparisons between subgroups 1, 2, and 3: Mann–Whitney test with Bonferroni correction; differences were considered statistically significant at p < 0.0167

Table 8. Characteristics of patients with cancer diagnosed during acromegaly treatment (n = 55)
	Parameter
	Acromegaly control achieved*
	р-value***

	
	Yes (n = 26)
	No (n = 29)
	

	Age at first acromegaly symptoms, years
	38.7 ± 11.5
37 [28, 48]
20–56
	40.7 ± 15.3
40.5 [25, 54]
12–68
	0.647

	Age at acromegaly diagnosis, years
	50.0 ± 11.3
51 [40, 58]
28–69
	49.6 ± 15.2
45.9 [38, 63]
14–77
	0.919

	Time from first symptoms to acromegaly diagnosis, years
	11.3 ± 10.3
8 [6, 15]
2–44
	8.9 ± 7.6
6 [4, 16]
2–25
	0.391

	Age at cancer diagnosis, years
	66.1 ± 7.7
63 [60, 71]
55–86
	58.5 ± 13.4
60 [51, 68]
27–80
	0.023

	Time from acromegaly diagnosis to cancer diagnosis, years
	16.1 ± 7.9
14 [10, 20]
5–32
	8.5 ± 7.6
5 [3, 13]
2–33
	0.002

	Time from first acromegaly symptoms to cancer diagnosis, years
	27.5 ± 11.8
27 [18, 33]
12–61
	17.8 ± 7.4
17.5 [10, 24]
4–37
	0.003

	Time from diagnosis to acromegaly remission**, years
	9.2 ± 8.3
7 [4, 12]
1–28
	11.3 ± 10.3
6 [4, 19]
3–33
	0.680

	Time from first symptoms to acromegaly remission**, years
	21.1 ± 10.7
19 [14.5, 27]
8–48
	20.2 ± 9.4
22 [12, 27]
7–37
	0.797


Data are presented as mean ± standard deviation (M ± SD), median and quartiles (Me [LQ; UQ]), and range (min–max)
* At the time of malignancy diagnosis
** At the last visit
*** Student’s t-test


