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At present, patients with Hodgkin’s disease
(HD) have a high probability of cure; howev-
er, treatment-related sequelae have enor-

mous clinical importance. An increase in second
primary cancers (SPC) has been observed among
long-term survivors of HD, in particular acute non-
lymphoid leukemia (ANLL), non-Hodgkin’s lym-
phoma (NHL) and secondary solid tumors (ST).1-10

The increase in the risk of ANLL has been associat-
ed with host-related factors and with the type of
treatment patients have been given.11 Several
authors have demonstrated that secondary ANLL is
likely linked with chemotherapy. The risk is higher
in patients treated with combined radiotherapy
(RT) and chemotherapy (CT) that includes
mechlorethamine and procarbazine.3,12-16

NHL has been related to radiochemotherapy
treatment;12,17 the risk is concentrated in the first
year following the start of treatment and declines
over the next 5 years.10 Recently, several studies
have focused attention on the incidence of ST. The
risk increases with the length of follow-up and is

related to treatment with RT alone or in combina-
tion with CT.5,7 The risk of ST after radiation thera-
py is well known from studies of cancer patients
treated with radiotherapy and from investigations
of other groups exposed to radiation.18,19 The risk of
cancer after chemotherapy is less clear, however,
because the use of chemotherapy is more recent
and many different therapeutic agents have been
used. The most frequent solid tumors are lung can-
cer, breast cancer, skin melanoma, gastrointestinal
cancer and sarcoma of the bone.

For this study, we analyzed a cohort of 1045
patients with HD. The aim was to assess the risk
associated with radiotherapy, chemotherapy and
other factors in the development of solid tumors.

Materials and Methods

Patient population
Between 1972 and 1992, a total group of 1,045 consecutive

HD patients received primary treatment at the Department of
Radiation Oncology, the Institute of Radiology and the Hema-

Background and Objective. This study examines
the occurrence of solid tumor (ST) in relation to
the different types of therapy (radiotherapy,
chemotherapy and radiochemotherapy; splenecto-
my or splenic irradiation vs no splenectomy - no
splenic irradiation) received by patients treated for
Hodgkin’s disease (HD).

Methods. The study included 1,045 HD patients
treated at the Department of Radiation Oncology,
the Institute of Radiology and the Department of
Human Biopathology, Hematology Section, Uni-
versity of Rome, “La Sapienza”, from 1972 to
1992. For 23% of the patients the follow-up period
was longer than 10 years. The average follow-up
period was 72 months. For a more accurate calcu-
lation of the risk of ST occurrence, the patients
were first divided into 3 subgroups according to
initial treatment and then according to the total
treatment they had received. Moreover, to estab-
lish a probable connection between solid tumor
and splenic treatment the patients were also divid-
ed into 3 subgroups (splenectomy, splenic irradia-
tion and no splenectomy/no splenic irradiation).

Results. We recorded twenty-four cases of ST
after initial treatment. Secondary solid tumor
showed a cumulative risk of 0.2% and 13.4% at 5
and 20 years, respectively. After initial treatment
with radiotherapy (RT) alone, the cumulative risk
was 1.7% and 5.2% at 10 and 20 years, respective-
ly; in the chemotherapy (CT) group, it was 2.4%
and 18.1%; in the CT+RT group, it was 1.7% and
9%. No statistically significant differences were
observed among the different types of treatment
(splenectomy, splenic irradiation or no splenecto-
my/no splenic irradiation) as regards the occur-
rence of ST. According to multivariate analysis, the
most important factor in the risk of ST was age
(>40). Relative risk was 5.2, p = 0.0001.

Interpretation and Conclusions. We conclude that
an age of over 40 at diagnosis and treatment with
CT alone greatly increase the risk of solid tumor
occurrence. 
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tology Section of the Department of Human Biopathology of
the University of Rome “La Sapienza”. Diagnosis of HD was for-
mulated according to the Rye classification and patients were
staged according to the Ann Arbor classification. For 608
patients (58.2%), medical status was collected up to December
1, 1992. Eighty-two (0.8%) patients were lost to follow-up; of
these, 29 were observed for less than 12 months and 19 for 12-
24 months. The remaining patients were observed for over 24
months (range 24-60 months).

Table 1 shows the clinical characteristics of the 1,045
patients. Diagnosis of ST was histologically confirmed in all
cases. Radiotherapy records were re-examined to establish
whether secondary cancers occurred within or outside previous-
ly irradiated fields. Cancer developing in a previously irradiated
field was seen as occurring within or at the margins of the zone. 

Treatment
Before 1976 patients had not been included in standardized

treatment protocols. Cases were discussed every week with
hematologists, as still happens for the most interesting cases
and relapses. Between 1976 and 1992, patients were included
in two consecutive clinical protocols (ROMA HD 76 and ROMA
HD 83). For a more accurate calculation of the risk of ST and
its connection with the types of treatment received, patients
were first divided into 3 groups according to their initial treat-
ment:

1. three hundred and seventy (35.4%) patients were treated
with RT alone (98 patients received RT + one adriamycin,
bleomycin, vinblastine and dacarbazine, or ABVD course):
166 (44.9%) received sub-total nodal irradiation (STNI), 55
(14.9%) total nodal irradiation (TNI), 123 (33.2%) mantle
field, and 26 (7%) inverted Y;

2. two hundred and six (19.7%) patients received CT alone; of
these, 102 (49.5%) were given 6 mechlorethamine, vin-
cristine, procarbazine and prednisone (MOPP) courses; 60
(29.1%) were given 6 ABVD courses; 37 (18%) received alter-
nating MOPP/ABVD (8 courses); 7 (3.4%) were given 8 vin-
cristine, procarbazine and prednisone (OPP)/ABVD courses;

3. combined CT plus RT induction treatment was administered
to 469 patients (44.9%). In this group, RT (35 Gy, total
nodal irradiation) + MOPP (6 courses) was used in 128
(27.3%) cases; RT (35 Gy, total nodal irradiation) + ABVD (6
courses) in 72 (15.3%) cases; RT (20 Gy involved field irradi-
ation) + MOPP/ABVD (8 courses) in 119 (25.4%) cases; RT
(20 Gy involved field irradiation) + OPP/ABVD (8 courses) in
76 (16.2%) cases; RT (30 Gy subtotal nodal irradiation) +
cyclophosphamide, vincristine, procarbazine and prednisone
(COPP)/ABVD (2 courses) in 35 (7.5%) cases and RT (30
Gy, subtotal nodal irradiation) + COPP/adriamycin, bleo-
mycin, and vinblastine (ABV)/ifosfamide, methotrexate,
etoposide and prednisone (IMEP) (2 courses) in 39 (8.3%)
cases.

The patients were then divided again according to treatment,
taking December 1, 1992 as the date of reference:

1. radiotherapy only, total: 289 patients (282 at presentation
and 7 at relapse);

2. chemotherapy only, total: 197 patients (126 at presentation
and 71 at relapse);

3. radiotherapy and chemotherapy, total: 559 patients (355
CT+RT at presentation only; 51 at presentation and at
relapse; 67 patients received radiotherapy at presentation
and chemotherapy at relapse; 51 CT+RT at presentation and
RT at relapse; 14 RT at presentation and CT+RT at relapse;
12 CT+RT at presentation and CT at relapse; 3 CT at presen-
tation and RT at relapse; 6 CT at presentation and CT+RT at
relapse).

To establish the cancer risk after splenic treatment (splenic
irradiation or splenectomy), the patients were divided into 3
subgroups: 

1. six hundred and seventeen (59%) underwent splenectomy;
2. ninety-nine (9.5%) received radiation to the spleen;
3. three hundred and twenty-nine (31.5%) patients underwent

neither splenectomy nor splenic irradiation.

Data analysis 
To establish a probable connection between solid tumors

and treatment received, two different methods of analysis were
used: (a) the cumulative risk (confidence interval, CI) was evalu-
ated in relation to treatment (initial and at the time of salvage),
and (b) the Cox model was applied to identify the variables
which play a role in the occurrence of secondary solid cancer.

The cumulative risk (CI) of developing ST was evaluated with
the Kaplan and Meier method.20 The Mantel-Cox and Breslow
tests were used to compare the importance of clinical character-
istics and types of treatment in the development of ST. The peri-
od of risk for ST was calculated as beginning on the date of HD
diagnosis and ending on the date of ST diagnosis or the date of
last known vital status or the date of death, or the date of pro-
gression/relapse, or December 1, 1992, whichever came first.

Relapsing or progressing patients were assessed on the date
of relapse and were considered second primary cancer free on
that date. For patients with progression and/or relapse, the
period of risk of ST was redefined as beginning at treatment for
progression and/or relapse and ending on the date of ST diag-
nosis or the date of last known vital status or the date of death,
or December 1, 1992, whichever came first.

The risk of ST occurrence was analyzed (a) in relation to

Characteristics No. patients %

All patients 1045 100

Male
Female

 540
 505

 52
 48

Stage
       I
       II
       III
       IV

 156
 489
 273
 127

 14.9
 46.8
 26.1
 12.2

Age
      < 25
       25-40
      > 40

 336
 403
 306

 32.1
 38.6
 29.3

Histology
       MC
       NS
       LP
       LD
       Unclassified

 459
 397
  83
  83
  23

 44
 38

  7.9
  7.9
  2.2

Initial treatment
       RT alone *
       CT alone
       Combined therapy
       (CT+RT)

 370
 206

 469

 35.4
 19.7

 44.9

Splenic treatment
       Spl.tomy
       Splenic irrad.
       No Spl.tomy/No
       Splenic irrad.

 617
   99

 329

 59
  9.5

 31.5

Average follow-up
      (in months)   72

Abbreviations. MC: mixed cellularity; NS: nodular sclerosis; LP: lymphocytic
predominance; LD: lymphocytic depletion; RT: radiotherapy; CT: chemothera-
py; Spl.tomy: splenectomy; Splenic irrad.: splenic irradiation.
*98 patients received one adriamycin, bleomycin, vinblastine and dacarbazine
(ABVD) course.

Table 1. Clinical characteristics of patients with Hodgkin’s dis-
ease.
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treatment given at presentation in all patients considered dis-
ease-free (relapsed patients, assessed at relapse, were consid-
ered disease-free until the onset of relapse), and (b) in all
patients in relation to the different treatment given to each
patient at presentation (for patients who did not relapse) and,
for relapsing or progressing patients, in relation to the sum of
the different types of treatment given to each patient at presen-
tation and, after relapse and/or progression, at salvage. Finally,
the two risks obtained were compared. A multiple variable
analysis was performed using the Cox Proportional Hazard
Model. Time-dependent covariate analysis was applied for pro-
gressing and/or relapsing patients.

Data were analyzed using the 1L and 2L programs in the
BMDP21 packages.

Results
Among the 1,045 patients with an average fol-

low-up of 72 months (maximum follow-up time
22.9 years), we observed 24 cases of ST which
developed between 18 and 194 months (average
96 months) after the initial treatment. Table 2
shows the clinical characteristics of ST patients. Of
these 24 patients, twelve were males and twelve
females, with age ranging between 11 and 66 years
(average 35 years). Among the patients who devel-

oped ST, 17 cases were patients who did not
relapse and 7 occurred after a relapse. In our obser-
vations the most frequent forms of cancer were
lung cancer (5 cases), salivary gland cancer (3
cases), skin cancer (3 cases), gastroenteric tract
cancer (3 cases) and breast cancer (2 cases). 

Synchronous ST and skin melanoma cancer were
not recorded in our study. Among the 24 ST cases,
4 developed within a previously irradiated field and
2 at the margins. Of 4 in-field ST, 2 were breast
cancers, which developed in women treated with
mantle-field irradiation: one patient, treated at the
age of 16 years, developed primary breast cancer
after 169 months; the other, treated at the age of
29 years, developed breast cancer after 124
months. Of the 24 cases of ST, 9 of from secondary
neoplasm (range 3-80 months); in 3 cases diagno-
sis of ST was made at necroscopy and was negative
for HD.

Nineteen cases of ST were observed in splenec-
tomized patients, one case in a patient whose
spleen was irradiated and four in patients who did
not undergo splenic treatment.

NO

Cases
Age° Sex Histology

of HD
Stage Splenic treatment Total treatment Time elapsed 

from first therapy
(in months)

Relapse Cancer
sites

Status

1 59 M MC II A Splenectomy RT 58 No Rectum Dead
2 48 M NS II A Splenectomy MOPP/ABVD+RT 21 Yes Lung Dead
3 41 M MC I A Splenectomy MOPP+RT 194 Yes Salivary

gland
Alive

4 11 F MC III A Splenectomy MOPP+RT 164 No Surrenal
gland

Alive

5 16 F NS II A Splenectomy MOPP+RT 169 Yes Breast Dead
6 20 F NS II A Splenectomy RT 161 No Thyroid Alive
7 59 M NS II B Spleen irrad. ABVD+RT 34 No Colon Alive
8 20 F NS IV A Splenectomy ABVD+RT 76 No Sarcoma Alive
9 29 F NS III A Splenectomy MOPP/ABVD+RT 124 No Breast Alive

10 66 M MC II B No splenic
treatment

MOPP+RT 24 No Skin Alive

11 46 M LP III A Splenectomy ABVD+RT 121 Yes Lung Dead
12 12 M MC III A Splenectomy MOPP+RT 131 No Leiomyo

sarcoma
Alive

13 33 M MC III A Splenectomy ABVD+RT 83 No Liver Dead
14 42 M MC II A Splenectomy MOPP+RT 83 Yes Salivary

gland
Alive

15 51 M MC IV A No splenic
treatment

ABVD 115 No Lung Dead

16 53 F MC III B Splenectomy ABVD 119 No Lung Dead
17 47 M MC III B Splenectomy MOPP 32 Yes Skin Dead
18 44 F SN IV A No splenic

treatment
ABVD 144 Yes Kidney Alive

19 55 F MC III A Splenectomy MOPP 69 No Lung Dead
20 19 F MC III A Splenectomy RT 66 No Skin Dead
21 27 F LD II A Splenectomy MOPP+RT 123 No Nervous

system
Dead

22 33 M MC III B Splenectomy MOPP 170 No Rectum Dead
23 22 F MC II A Splenectomy RT 70 No Pleura Alive
24 27 F SN IV B No splenic

treatment
MOPP/ABVD 18 Yes Salivary

gland
Dead

Table 2. Characteristics of patients with solid tumor.

Abbreviations. HD: Hodgkin's disease; RT: radiotherapy; MOPP/ABVD: mechlorethamine, vincristine, procarbazine and prednisone/adriamycin, bleomycin, vinblastine,
and dacarbazine; ABVD: adriamycin, bleomycin, vinblastine, and dacarbazine; MOPP: mechlorethamine, vincristine, procarbazine and prednisone; Spleen irrad.: spleen
irradiation; MC: mixed cellularity; NS: nodular sclerosis; LP: lymphocytic predominance; LD: lymphocytic depletion.
°Age at diagnosis of Hodgkin's disease. 
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Risk of ST: cumulative risk overall and in relation to
splenic treatment

Cumulative risk rates, irrespective of treatment,
calculated for ST at 10 and 20 years were 2% (0.9-
3) and 13.4% (5.9-20.9).

In regard to splenic treatment, the cumulative risk
was 2.4 (0.7-3.9) at 10 years and 16.0 (6.1-25.8) at
20 years for splenectomized patients, and 1.1 (0-
3.3) at 10 and 20 years for patients whose spleens
were irradiated. For patients whose spleen was not
irradiated and not removed, the cumulative risk was
0.9 (0-2.1) and 6.1 (0-13.8) at 10 and 20 years,
respectively. No statistically significant differences
were observed among the different types of treat-
ment (splenectomy, splenic irradiation or no
splenectomy/no splenic irradiation) as regards ST
occurrence (p= 0.7247 in the Mantel-Cox and p=
0.9890 in the Breslow test, Table 3).

Risk of ST development: cumulative risk in relation to ini-
tial and total treatment 

First: the relationship of initial therapy (i.e. RT
alone, CT alone and combined methods without
treatment for recurrence) to the occurrence of ST
was evaluated. The risk of all solid tumors
increased with the length of the follow-up period.
At 10 and 20 years the cumulative risk was, respec-
tively, 1.7% (0-3.6) and 5.2% (0-12.3) in the RT
group; in the CT group it was 2.4% (0.7-5.6) and
18.1% (0-40.2), in the CT+RT group it was 1.7%
(0-3.7) and 9% (0-18.1). The highest risk of ST was
found in the CT group (Table 4).

Second: the cumulative probability of developing
ST can be related to the sum of the different types
of treatment given to each patient at presentation
and, in case of relapse, at salvage.

The highest risk of developing ST was found in
patients treated with CT alone. At 20 years, the
cumulative risk was 18.8% (0-40.7) in the CT
group, 5.4% (0-12.8) in the RT group and 12.2%
(3.1-21.3) in the CT+RT group (p = 0.27 in the
Mantel-Cox and p=0.28 in the Breslow test).

An increased risk of ST (at 20 years) was
observed in patients who received CT+RT as treat-
ment for HD relapse: cumulative risk 12.2%, com-
pared to patients given CT+RT as primary treat-
ment, for whom the cumulative risk was 8.9%.

Risk factor for ST occurrence: multivariate analysis
Table 5 shows the results of multivariate analysis

of the effects of the different types of treatment and
of the various clinical characteristics on the risk of
ST. The most important factor in the risk of ST was
age (>40). Relative risk (RR) was 5.2, p=0.0001. In
the multivariate analysis (using a time-dependent
covariate), the factors associated with an increased
risk of ST (in non-relapsing patients) were treat-
ment with RT alone (RR = 0.25, p = 0.0286) and
CT+RT (RR=0.30, p=0.0388).

Discussion
This study demonstrates that one of the most

serious treatment-related sequelae in long-term sur-
vivors of HD is the onset of solid tumors,1,4-8,11,13,22-25

which have been observed even following treat-
ments performed during childhood and adoles-
cence.26

An increased risk of ST was observed after CT
alone, either as primary treatment or at the time of
salvage. On the occurrence of solid tumors in
patients treated with CT alone, the results of
Rodriguez et al.9 and the BNLI27 agree with these
conclusions: further study is required for a better
examination of the increase in risk of ST after treat-
ment with CT. Moreover, our results indicate that
additional therapy for relapsing patients (CT+RT
after initial therapy with RT alone) does not
increase the risk of ST, while in a recent study28 the
addition of combined therapy for recurrent disease
in patients previously treated with radiotherapy
showed a significant increase in the relative risk of
ST. In the authors’ opinion, it is possible that either
the cumulative dose of radiation received after sec-
ondary treatment with CT was responsible for a

CUMULATIVE RISK (CI) x 100

NO ST/
NO pts.

5 Years 10 Years 15 Years 20 Years

Splenectomy 19/617 0.2 (0-0.5) 2.4 (0.7-3.9) 4.7 (1.9-7.5) 16 (6.1-25.8)

ST
(24/1045)

Splenic irradiation 1/99 0 1.1 (0-3.3) 1.1 (0-3.3) 1.1 (0-3.3)

No splenectomy
No splenic irradiation

4/329 0.4 (0-2.1) 0.9 (0-3.1) 6.1 (0-2.1) 6.1 (0-13.8)

Table 3. Cumulative risk (confidence interval) x 100 and frequency of solid tumor in relation to splenic treatment.

p value=0.8373 (Mantel-Cox); p value=0.7156 (Breslow). Abbreviations. ST: solid tumor; Spl.tomy: splenectomy; Splenic irrad.: splenic irradiation.
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high occurrence of ST, or that the increase in ST
occurrence was due to the initial radiation.

Other reports have focused attention on the role
of the spleen in SPC occurrence.29-33 With regard to
splenic irradiation, Daley et al.29 described most
radiation-induced changes: the spleen was smaller
with respect to that of non-irradiated patients:
there was an increase in fibrosis of the red pulp,
thickening of the capsule, and myointimal prolifera-
tion of arteries. Although none of these pathologi-
cal features is specific, their combined appearance
indicates radiation damage. Moreover, splenic
atrophy after radiation treatment, estimated at
approximately 30-40%, predisposes patients to ful-
minant pneumococcal sepsis and the Waterhouse-

Friderichsen syndrome.30 Coleman et al.31 showed
that patients treated for HD or NHL who have had
approximately 4000 rads of splenic irradiation
developed functional hyposplenia. Dietrich et al.32

suggest that splenectomy and splenic irradiation
lead to an increased risk of second cancers, and
postulate that splenic treatment increases the dam-
age to tumoral immunosurveillance capabilities. In
Mellemkjoer et al.’s experience33 on 6,315 people
splenectomized for trauma and for other condi-
tions (malignant and non malignant disease), an
increased risk of secondary cancers was reported
among the ones who underwent splenectomy for
non-traumatic reasons, since splenectomy may
increase the immunological dysfunction due to the

Years Initial treatment 
(N. ST/N. Patients)

Total treatment
(N. ST/N. Patients)

RT
(4/370)

CT
(6/206)

RT+CT
(6/469)

RT
(4/289)

CT
(7/197)

RT+CT
(13/559)

5 0 1 (0-2.3) 0 0 0.6 (0-1.7) 0.4 (0-1.1)

10 1.7 (0-3.6) 2.4 (0.7-5.6) 1.7 (0-3.7) 1.8 (0-3.7) 4 (0-8.1) 2.3 (0.5-4.1)

15 1.7 (0-3.6) 7.6 (0.3-15.4) 4.5 (0.1-8.9) 1.8 (0-3.7) 5.8 (0.4-11.3) 7 (2-12)

20 5.2 (0-12.3) 18.1 (0-40.2) 9 (0-18.7) 5.4 (0-12.8) 18.8 (0-40.7) 12.2 (3.1-21.3)

Table 4. Cumulative risk (confidence interval) x 100 and frequency of solid tumor in relation to treatment.

p=0.23 (Mantel-Cox) p=0.27 (Mantel-Cox)
p=0.07 (Breslow) p=0.28 (Breslow)
Abbreviations. ST: solid tumor; RT: radiotherapy; CT: chemotherapy

Variables Coefficient Standard error Relative risk p value

Age (>40/<40)

Gender (M/F)

Stage (III-IV/I-II)

Initial treatment
CT vs RT

  CT +RT vs RT

Total treatment*
RT alone (no relapse)

  CT alone (no relapse)
  CT+RT (no relapse)
  CT+RT (at presentation) and RT (at relapse)
  RT (at presentation) and CT (at relapse)

Splenic treatment
Splenectomy vs no  splenectomy/no splenic irradiation

  Splenic irradiation vs no splenic irradiation/no splenectomy

1.65

-0.27

0.19

0.33
0.07

-1.38
-0.92
-1.22
0.69
0.59

-0.3
-0.05

0.42

0.42

0.42

0.33
0.34

0.64
0.66
0.59
0.84
1.11

0.42
0.73

5.2

0.76

1.2

1.4
1.07

0.25
0.40
0.30
2.0
1.8

0.74
0.95

0.0001

0.52

0.64

0.33
0.83

0.0286
0.16

0.0388
0.44
0.62

0.45
0.95

Table 5. Cox proportional hazard model of risk factors in development of solid tumor.

Abbreviations - CT: chemotherapy; RT: radiotherapy; Spl.tomy: splenectomy; Splenic irrad.: splenic irradiation.*Time-dependent covariate. Mutually exclusive.



disease itself. On the other hand, after traumatic
rupture the splenic cells spill on the peritoneal sur-
faces and determine a partial return of splenic func-
tion.34 The mechanism by which spleen hypofunc-
tioning or the absence of the spleen may lead to the
occurrence of secondary cancer has not been estab-
lished.

In our experience, age was the variable with sta-
tistical significance (p= 0.0001).7-9,13,23,24,35 Age is the
major risk factor for solid tumors in the HD popu-
lation in the same way that age is a major risk fac-
tor for almost all solid cancers in the general popu-
lation. It is uncertain whether this biological phe-
nomenon is related to age or to the HD status of
patients, or whether it is an undifferentiated effect
of treatment (RT or CT or CT+RT).

With respect to the location of ST, no definite
relationship could be found between the treatment
received (radiotherapy alone or radiotherapy with
chemotherapy) and the tumor tissue. For example,
lung cancer was observed more often in patients
who had received RT,3,7 but it was also seen in
patients treated with CT alone. In their detailed
analysis of various solid tumors, Kaldor et al.36

pointed out that the occurrence of lung cancer is
higher in long-term HD survivors than in the gener-
al population. They conclude that this higher risk is
due to the cancer-inducing effects of both CT and
RT, compared with those produced by other risk
factors, e.g. smoking for lung cancer. Van Leeuwen
et al.37 studied a cohort of 1,939 patients treated
for HD who developed 30 lung cancers, and exam-
ined the relationship between the carcinogenic
effect of smoking and radiation. They concluded
that the appearance of lung cancer is related both
to the radiation dose received by the lung and to
smoking after radiation exposure.

Regarding the occurrence of breast cancer, less
recent studies have demonstrated an increased risk
after exposure of the breast to low doses of radia-
tion;38-40 in fact, breast cancer has been found after
therapeutic irradiation for post-partum mastitis,41 in
atomic bomb survivors42 and in patients with tuber-
culosis subjected to repeated fluoroscopic examina-
tions.43 Van Leeuwen et al.10 and Yahalom et al.44

reported an increased risk of breast cancer in
women who have received radiation therapy for HD
at a younger age; our data agree with this. More-
over, Yahalom et al.44 showed that breast cancer fol-
lowing treatment for HD was bilateral and fre-
quently involved the medial half of the breast,while
the prognosis of the disease is similar to that of
patients with primary cancer. In Hancock’s experi-
ence,45 the risk after 15 years is equal in women
treated with RT alone and in women receiving RT
combined with MOPP. On the other hand, the
increased risk of breast cancer after treatment for
ovarian cancer with chemotherapy alone may indi-
cate that cytotoxic drugs play a role in the occur-

rence of second cancer.46,47

For other types of cancer such as cancer of the
gastroenteric tract, of the soft tissue and of the ner-
vous system, which have been observed in irradia-
tion, there could be a relation with the cancer-
inducing effects of radiation after a relatively short
time.

In conclusion, a multifactorial etiology can be
established. The appearance of ST in HD patients
could be explained by an immune deficiency caused
by HD itself or by the treatment received to cure it.
Genetic factors could also play a role, leading to
the appearance of a neoplasm in a small percent-
age of patients exposed to environmental factors.
These is also a higher risk for patients who have
had one tumor of developing another.

The increased risk of ST was connected with
treatment received and with host-related and envi-
ronmental factors. Proper treatment strategies
should reduce this risk and other late side
effects.48,49 However, since treatment-associated
cancer continues beyond 15 years, the survivors of
HD should be monitored in order to establish
treatment-related carcinogenic effects.
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